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'     PREFACE  TO  THE  FIFTH  GERMAN  EDITION; 


The  numerous  publications  in  physiological  chemistry  which  hav# 
appeared  since  the  publication  of  the  last  edition  of  this  work^  and  the 
suggestion  of  new  methods  of  work/ have  necessitated  a  thorough  revision 
of  most  of  the  chapters.  As  stated  in  the  preface  to  the  second  edition, 
this  work  is  not  intended  as  a  complete  handbook^  but  only  as  a  rather 
short  text-book;  it  was  my  desire  in  this  revision  to  prevent  a  too  great 
increase  in  the  size  of  the  book.  In  order  to  accomplish  this  I  have 
eliminated  in  part  certain  older,  superfluous,  or  at  present  untenable 
statements,  and  in  certain  instances  I  have  treated  the  chemical  methods 
of  work  less  fully  than  in  the  other  editions.  This  is  true  only  for 
those  methods  which  are  not  important  for  the  physician  and  student  or 
those  which  require  a  lengthy  detailed  description  and  which  can  be  found 
in  complete  works  on  chemical  analysis  or  in  the  original  publications. 
In  other  regards  the  plan  of  the  book  is  the  same  as  in  the  previous  editionSr 

Dr.  S.  Schmidt-Nielsen  has  kindly  prepared  the  index. 

Olof  Hammarsten. 
Upsaia  March  17,  1904. 


lU 


tlH  1 95 


TRANSLATOR'S  PREFACE  TO  THE  FOURTH 
AMERICAN  EDITION. 


As  physiological  chemistry  has  made  such  rapid  advances  during  the 
last  five  years,  and  as  the  Uterature  of  the  subject  is  becoming  more  and 
more  sp)ecialized,  I  feel  confident  that  the  American  student  will  be  glad 
to  receive  the  present  edition,  and  I  hope  it  will  be  of  material  aid  in  the 
advancement  of  the  subject.  The  author's  addenda  have  been  incorpo- 
rated into  the  text. 

I  am  under  obligations  to  Dr.  Holmes  C.  Jackson  for  much  assistance 

in  proof  revision. 

John  A  Mandel. 
New  York,  October,  1904. 
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PHYSIOLOGICAL  CHEMISTRY. 


CHAPTER  I. 
INTRODUCTION, 

It  follows  from  the  law  of  the  conservation  of  matter  and  of  energy  that 
living  beings,  plants  and  animals,  can  produce  neither  new  matter  nor  new 
energy.  They  are  only  called  upon  to  appropriate  and  assimilate  already 
existing  material  and  to  transform  it  into  new  forms  of  energy. 

Out  of  a  few  relatively  simple  combinations,  especially  carbon  dioxide 
and  water,  together  with  ammonium  compounds  or  nitrates,  and  a  few 
mineral  substances,  which  serve  as  its  food,  the  plant  builds  up  the 
extremely  complicated  constituents  of  its  organism,  proteids,  carbodydrates, 
fats,  resins,  organic  acids,  etc.  The  chemical  work  which  is  performed  in 
the  plant  must  therefore,  in  the  majority  of  cases,  consist  in  syntheses;  but 
besides  these,  processes  of  reduction  take  place  to  a  great  extent.  The 
radiant  eneigy  of  the  sunlight  induces  the  green  parts  of  the  plant  to  split 
off  oxygen  from  the  carbon  dioxide  and  water,  and  this  reduction  is  generally 
considered  as  the  starting-point  of  the  following  syntheses.  In  the  first 
place  formaldehyde  is  produced,  C03+H30  =  CH30  +  02,  which  then  by 
condensation  is  transformed  into  sugar,  and  this  then  serves  in  the 
structure  of  other  bodies.  The  energy  of  the  sun,  which  produces  this 
splitting,  is  not  lost;  it  is  only  transformed  and  is  stored  as  chemical 
energy  in  the  new  compoimds  produced  in  the  synthesis. 

These  conditions  are  not  the  same  in  animals.  They  are  dependent 
either  directly,  as  the  herbivora,  or  indirectly,  as  the  camivora,  upon  plant- 
life,  from  which  they  derive  the  three  chief  groups  of  organic  nutritive 
matter — ^proteins,  carbohydrates,  and  fats.  These  bodies,  of  which  the 
protein  substances  and  fats  form  the  chief  mass  of  the  animal  body,  undergo 
within  the  animal  organism  a  cleavage  and  oxidation,  and  yield  as  final 
products  exactly  the  above-mentioned  chief  components  of  the  nutrition  of 
plants,  namely,  carbon  dioxide,  water,  and  ammonia  derivatives,  which  are 
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rich  in  DX\'gen  and  have  little  energy.  The  chemical  energy,  which  is 
partly  represented  by  the  free  oxygen  and  partly  stored  up  in  the  above- 
mentioned  more  complex  chemical  compounds,  is  transformed  into  other 
forms  of  energy,  namely,  heat  and  mechanica  work.  While  in  the  p^ant 
we  find  chiefly  reduction  proceSvS^  and  syntheses,  which  by  the  introduc* 
tion  of  energy  from  without  produce  complex  compounds  having  a  greater 
content  of  enei^gy,  we  find  in  the  animal  body  the  reverse  of  this,  namely 
cleavage  and  oxidation  processes,  which,  as  w^e  uaed  to  state^  convert 
chemical  tension  into  living  force. 

This  difference  between  animals  and  plants  must  not  be  overrated ,  nor 
mxist  we  consider  that  there  exists  a  sharp  boundary-line  between  the  tw^o. 
This  Is  not  the  case.  There  are  not  only  lower  plants,  free  fn^m  chloro- 
phyll, which  in  regard  to  chemical  processes  repr^ent  intermediate  steps 
betw^een  higher  plants  and  animals,  but  the  difference  existing  between  the 
higher  plants  and  animals  is  more  of  a  quantitative  than  a  qualitative  kind. 
Plants  require  oxygen  as  peremptorily  as  do  animals  Like  the  animal,  the 
plant  also,  in  the  dark  and  by  means  of  those  parts  which  are  free  from 
chloroph}^!,  takes  up  oxygen  and  eliminates  carbon  dioxide,  while  in  the 
light  the  oxidation  processes  going  on  in  the  green  parts  are  oversha^lowed 
or  hidden  beneath  the  more  intense  reduction  processes.  Like  the  animal 
we  also  fuid  a  heat  production  in  fermentation  produced  by  plant  organisms; 
and  even  in  a  few^  of  the  higher  plants — -as  tlie  aroidiw  when  bearing 
fruit— a  considerable  development  of  heat  has  been  observed.  The  reverse 
is  found  in  the  animal  organism,  for,  besides  oxidation  and  splitting,  reduc- 
tion processes  and  s\Titheses  also  take  place.  Tlie  contrast  which  seemingl}'^ 
exists  betw^een  animals  and  plants  consists  merely  in  that  in  the  animal 
organism  the  processes  of  oxidation  and  splitting  are  prevalent,  while  in  the 
plant  chiefly  thctse  of  reduction  and  synthesis  have  thus  far  been  obser\'eiL 

Wohler'  in  1824  furnished  the  first  example  of  syntheticai. 
PROCESBKS  within  the  animal  organism.  He  showed  that  when  benzoic  acid 
is  intrcKluced  into  the  stomach  it  reappears  as  hippiiric  acid  in  the  urine, 
after  it  combines  with  glycocoll  (aminoacetic  acid).  Since  the  discovery 
of  this  synthesis,  wluch  may  be  expressed  by  the  following  equation: 

C,H,,COOH  +  NH3.CH3.COOH  =  NHCQHs.CO)  .CH,.COOH + H^O, 

Benioic  acid  Glycoc«U  Hippuric  acitj 

and  w^hich  is  ordinarily  considered  as  a  t>T>e  of  an  entire  series  of  s>Tithcset 
occurring  in  the  bcHly  where  water  is  eliminated,  the  number  of  knowTi 
sjmtheses  in  the  animal  kingdom  has  increased  considerably*  Many  of 
these  syntheses  have  also  been  artificially  produced  outside  of  the  organism, 
and  numerous  examples  of  aninxal  syntheses  of  which  the  course  Is  abso- 
lutely clear  will  he  found  in  the  following  pages.     Besitles  these  wel!-studied 


•  Berzdius.  Leshrb.  d.  Chemie,  iiberaetzt  von  Wohler,  4,  S,  356,  Abt,  1,  Dresdeo,  1S3L 
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syntheses,  there  occur  in  the  anhnal  body  also  sunilar  processes  unquestion- 
dhly  of  the  greatest  unportance  to  animal  life,  but  of  which  we  know 
nothing  with  positiveness.  We  enumerate  as  examples  of  this  kind  of 
synthesis  the  re-formation  of  the  red-blood  pigment  (the  haemoglobin),  the 
formation  of  the  different  proteids  from  simpler  substances  and  the  produc- 
tion of  fat  from  carbohydrates.  This  last-mentioned  process,  the  formation 
of  fat  from  carbohydrates,  is  also  an  example  of  reduction  processes  which 
occur  to  a  considerable  extent  in  the  animal  body. 

Formerly  the  view  was  generally  accepted  that  animal  oxidation  took 
place  in  the  fluids,  while  to-day  we  are  of  the  opinion,  derived  from  the 
investigations  of  Pfluger  and  his  pupils,^  that  it  is  connected  with  the 
form-elements  and  the  tissues.  The  question  how  this  oxidation  in  the 
form-elements  proceeds  and  how  it  is  induced  cannot  be  answered  with 
certainty. 

When  a  body  is  oxidized  by  neutral  oxygen  at  ordinary  temperature  or 
at  the  temperature  of  the  body,  the  body  is  called  easily  oxidized  or  auto- 
oxidized  and  the  process  is  considered  as  a  direct  oxidation  or  autooxidation. 
As  the  oxygen  of  the  inspired  air,  and  that  of  the  blood,  is  neutral,  molecular 
oxygen,  the  old  assumption  that  ozone  occurs  in  the  organism  has  now  been 
discarded  for  several  reasons.  On  the  other  hand  the  chief  groups  of 
oiganic  nutritives,  carbohydrates,  fat,  and  proteids,  the  last  two  forming 
the  chief  mass  of  the  animal  body,  are  not  autooxidizable  substances.  They 
are  on  the  contrary  bradoxidizable  (Traube)  or  dyspxidizable  bodies. 
They  are  nearly  indifferent  to  neutral  oxygen,  and  it  is  therefore  a  question 
how  an  oxidation  of  these  and  other  dysoxidizable  bodies  is  possible  in  the 
animal  body. 

In  explanation  it  is  very  generally  admitted  that  the  oxygen  is  made 
active  and  this  causes  a  secondary  oxidation.  It  is  generally  conceded  that 
in  autooxidation  a  cleavage  of  neutral  oxygen  takes  place.  The  autooxidiz- 
able substance  splits  the  oxygen  molecule  and  combines  with  one  of  the 
oxygen  atoms,  while  the  other  free  atom  as  active  oxygen  may  oxidize  the 
dysoxidizable  substances  simultaneously  present.  Such  a  subordinate  oxi- 
dation is  called  an  indirect  or  secondary  oxidation.  The  explanation  of 
animal  oxidations  has  been  attempted  in  different  ways  by  the  supposition 
that  the  oxygen  is  made  active  and  thus  produces  secondary  oxidation. 

The  cause  of  the  animal  oxidation  is  considered,  by  Pfluger  and 
several  other  investigators,  to  be  dependent  upon  the  special  constitution  of 
the  protoplasmic  proteids  or  the  living  protoplasmic  substance.  This 
investigator  calls  the  proteids  outside  of  the  organism,  or  those  which 
occur  in  the  animal  fluids,  ''non-living  proteids,"  or  at  least  somewhat 
different  from   those   occurring   in   living  protoplasm — ''living  proteids'' 

» Pfluger,  Pfluger's  Archiv,  6  and  10;  Finkler,  Md.,  10  and  14;  Oertman,  ibid., 
14  and  15;  Hoppe-Seyler,  ibid.,  7. 
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(Pfluger),  "active  proteids"  (TjOew),  or  "biogens"  (Verworn).  The 
living  protoplasmic  molecule  differs  from  the  ordinary  non-living  prot^id  by 
being  more  unstable  and  therefore  having  a  greater  ioclination  towards 
intramolecular  changes  of  the  atoms.  The  reason  for  these  greater  intra- 
molecular movements  Pfluger  ascribes  to  the  presence  of  cyanogen,  and 
Lath^vm  attributes  it  to  the  presence  of  a  chain  of  cyanalcohols  in  the 
proteid  molecule.  Vkrwohn/  on  the  contrar}%  claims  an  intramolecular 
introduction  of  oxygen  into  a  large  hypothetical  protoplasmic  molecule^ 
the  ''biogen  molecule/'  which,  as  oxygen  receptor  or  translator  of  a  nitrogen 
or  iron  comixiund,  contains  as  oxidation  material  a  side  ctiain  constnicted 
like  the  carbohydrates  with  aldehydic  character. 

According  to  Li^cw,-  who  bases  his  claim  upon  special  investigations 
and  numeroas  toxicological  oljservatinns^  the  ungtability  of  the  active 
proteid  molecule  is  due  to  the  simultaneous  presence  of  aldehyde-  and 
unstable  amino -groups.  Those  occur  separated  from  each  other  in  the 
active  |iroteids.  and  when  they  combine  the  protoplasm  dies,  the  molecule 
being  changed  into  a  stable  condition,  i.e*,  into  dead  proteid.  It  is  also  a  fact 
that  all  substances  which  react  with  aldehyde-  and  unstable  amino-groups 
are  polsonoiLs  to  the  living  cells. 

IjOew  has  also,  in  conjunction  with  BoKORjri^  shown  that  in  many 
plants  a  verj^  unstable  reserve- protein  substance  occurs,  which  to  a  certain 
extent  occupies  an  intermediate  position  between  proteid  and  organized 
living  substance. 

Tlie  explanation  as  to  the  oxidation  process  is  entirely  different  accord- 
ing to  our  conception  of  the  structure  of  the  unstable  protoplasmic  mole- 
cule. If  the  living  protoplasmic  proteirl  is  not,  like  proteid  in  the  ordinary 
sense,  indifferent  to  neutral  oxygen,  we  can  admit  of  a  cleava^re  of  the 
oxygen  molecule  by  this  change.  The  proteid  would  be  oxidized  iti^elf, 
while  on  the  other  hand  a  secondary  oxidation  of  other  difficultly  oxidiz- 
able  substances  could  lie  lm>ught  al><>ut  by  the  oxygen  atoms  set  free. 

Another  very  widely  diffused  view  exists  in  regard  to  the  origin  of  the 
activity  of  the  oxygen,  namely,  that  by  the  decomposition  processes  in  the 
tismies,  retkicing  substances  are  fomied  %vluch  split  the  neutral  oxygen 
molecule,  uniting  with  one  oxygen  atom  and  setting  the  other  free. 

The  formation  of  reducing  substances  during  fermentation  and  putre^ 
faction  is  generally  known.  The  butyric  fermentation  of  dextrose  in  which 
hydrogen  is  set  free  —  C#H^,Oo=C^H^O,  +  2C02+2H,  —  is  an  example  of 
this  kind.  Another  example  is  the  appearance  of  nitrates  in  consetpience 
of  an  oxidation  of  nitrogen  in  cases  of  putrefaction,  w^hich  process  is  ordi* 

*  Pfluger,  Pfluger's  Archiv,  ID;  Latham,  Brit.  Med.  Journal,  1886;  Vei^'orn, 
'*Die  Biogenhypothese/'  Jena,  1903. 

*Loew  and  Boko  my »  Pflii^er^a  Archiv,  25;  O.  Loew^  ibid,,  90  £  and  specially 
O.  Loew,  '*The  Energ>^  of  Living  Pfotoplaam/'  London.  1896. 
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narily  expliuned  by  the  statement  that  reducing,  easily  oxidizable  bodies 
are  formed  which  split  oxygen  molecules,  liberating  oxygen  atoms  which 
afterward  oxidize  the  nitrogen.  It  is  assumed  also  that  the  cells  of  the 
animal  tissues  and  oi^ans  have  the  property  like  these  lower  organisms, 
which  produce  fermentation  and  putrefaction,  of  causing  splitting  processes 
in  which  easily  oxidizable  substances,  perhaps  also  nascent  hydrogen 
(Hoppe-Seyler  *),  are  produced. 

In  accordance  with  what  has  been  stated  above  on  the  oxidations  of 
the  animal  body,  primarily  a  cleavage  of  the  organic  constituents' of  the 
body  takes  place  with  the  formation  of  readily  oxidizable  substances. 
The  oxidation  of  these  latter  produces  an  activation  of  the  oxygen  and 
hence  may  also  cause  a  secondary  oxidation  of  dysoxidizable  substances. 
The  products  formed  by  these  splittings  and  oxidations  may  perhaps  in 
part  be  burned  within  the  body  without  undergoing  further  cleavage,  but 
more  probably  they  must  first  undergo  a  further  cleavage  and  then  succumb 
to  consecutive  oxidation,  until  after  repeated  cleavage  and  oxidation  the 
final  products  of  metabolism  are  formed 

An  activation  of  the  oxygen  may  be  produced  according  to  O.  Nasse'  by  a 
hydroxylization  of  the  constituents  of  the  protoplasm  with  the  splitting  off  of 
molecules  of  water.  If  benzaldehyde  is  shaken  with  water  and  air,  an  oxidation 
of  the  benzaldehyde  into  benzoic  acid  takes  place,  while  oxidizable  substances 
present  at  the  same  time  may  also  be  oxidized.  The  simultaneous  presence  of  po- 
tassium iodide  and  starch  or  tincture  of  guaiacum  causes  a  blue  coloration  because 
the  hydroxyl  (OH)  takes  the  place  of  the  hydrogen  in  the  aldehyde-group,  and 
these  two  hydrogen  atoms,  one  derived  from  the  aldehyde  and  the  other  from 
the  water,  have  a  splitting  action  on  the  molecular  oxygen.  Nassb  and  Rosin^j' 
have  also  found  that  certain  varieties  of  proteid  have  the  proi)erty  of  being 
hydroxylized  in  the  presence  of  water.  According  to  Nasse  a  whole  series  of 
oxidations  in  the  animal  body  may  be  accounted  for  by  the  oxygen  atoms  set 
free  in  the  hydroxylization  similar  to  that  of  benzaldehyde.  In  opposition  to 
this  view  we  must  remark  that  the  oxidation  of  benzaldehyde  to  benzoic  acid 
may  also  take  place  in  other  ways,  thus  by  the  intermediary  formation  of  a  per- 
oxide (see  Baeyer  and  Viluger;  Engler  and  Weissberg^). 

By  quantitative  methods  van't  Hoff  and  his  pupils^  have  shown 
that  molecular  oxygen  can  be  divided  in  two  parts  by  certain  autooxida- 
tion  processes.  One  of  these  unites  with  the  autooxidizer  and  the  other 
with  a  body  simultaneously  present  but  not  directly  oxidizable,  which,  ac- 
cording to  the  suggestion  of  Engler,'  is  called  the  acceptor,    van 't  Hoff 

» Pfluger's  Archiv,  12. 

»0.  Nasse,  Rostocker  Zeitung,  No.  534,  1891,  and  No.  363,  1895. 

*  E.  Rising,  Untersuchungen  iiber  die  Oxydation  von  EiweLss  in  Gegenwart  von 
Schwefd.     Inaug.  Dissert.     Roetock,  1891. 

*  Baeyer  and  Villiger,  Ber.  d.  d.  chem.  Gesellsch.,  33;  Engler  and  Weissbeig, 
ibid.,  33. 

*  van't  Hoflf,  Zeitschr.  f.  physikal.  Chem.,  16;  Jorissen,  Ber.  d.  d.  chem.  Gesellsch., 
80,  and  Zdtschr.  f.  physikal.  Chem.,  22;  Ewan.,  ibid,,  16. 

*  Ber.  d.  d.  chem.  Gesellsch.,  33. 
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claims  that  the  ox}^gen  molecule  dissociates  at  ordinary  temperatures  into 
minimiira  quantities  of  positively  and  n^atively  charged  oxj^gen  atoms, 
the  ions  of  shnilar  charge  uniting  with  the  autooxidizable  substance, 
while  the  remaining  ions  oxidize  the  acceptor.  Such  a  division  of  the 
oxygen  into  two  halves  has  also  been  shown  by  other  investigatoiB  such 
as  Manchot,  Engleh,  and  his  collaborators.*  These  investigatoiB  nevei^ 
theless  consider  that  autooxidation  takes  place  in  another  way,  namely,  by 
the  formation  first  of  peroxides   by  the  taking  up  of  ox^^gen  molecules. 

TiiAiTDE  '  has  also  expressed  a  similar  view.  According  to  him,  in 
autooxidation  we  have  to  de^l  in  the  first  place,  not  with  a  cleavage  of  the 
oxygen,  but  with  a  splitting  of  water  in  which  the  hydrox>d  groups  of  the 
water  combine  with  the  oxidizable  substance,  while  the  hydrogen  atoms 
set  free  on  the  decoraixjsition  of  the  water  unites  with  the  neutral  oxygen, 
forming  hydrogen  peroxide,  which  may  naturally  also  have  an  oxidizing 
action. 

A+H30+Oa=A(0H),+H,0j. 

According  to  the  view  of  Engleh  and  his  collaboratoiB,  which  come* 
sponds  in  great  measure  with  those  of  Bach  and  of  Manchot,*  at  least  in 
the  simplest  easels  {'* direct  autooxidation"  according  to  Engler)  the 
oxygen  molecules  unit«  with  the  activating  body  (A),  forming  a  peroxide- 
like  substance  which  can  give  up  one  of  the  two  oxygen  atoms  to  an  accep- 
tor (B): 

A+03=A03    and    AO^+B^AO+BO. 

If  thb.  is  80,  still  we  do  not  know  to  what  extent  such  peroxides  are 
formed  in  the  oxidation  in  the  living  celh  The  possibility  of  a  production 
of  peroxides,  or  also  hydrogen  peroxide,  in  animal  oxidation  Ls  still  gener- 
ally admitted,  and  Chodat  and  Bach  *  have  indeed  l>een  able  to  show  a 
peroxide  formation  in  plants.  Still,  if  hydrogen  i^eroxide  were  formed 
in  such  oxidations  it  would  have  no  further  physiological  importance, 
according  to  Ixjew,  because  the  animal  and  plant  cells  contain  special 
en2ymes,  called  by  him  catalaseSj  which  quickly  decompose  the  hydrogen 
peroxide  with  the  production  of  molecular  oxygen.  According  to  Loew  ^ 
the  jvhysiological  importance  of  the  catalases  is  to  protect  the  cell  from 
hydrogen  peroxide,  which  acts  as  a  protoplasmic  poison. 

^  Mancbot,  Uber  freiwillige  Oxydation,  Leipzig,  1900;  Engler  and  Weissberg, 
Ber.  d.  d.  chem,  Gosellsch.,  33;    Engler  and  Frankenstein,  ibid.f  34. 

*Ber.  d.  d,  chem.  Gcsellsch.,  ItV,  IS,  19,  22,  and  2^. 

'  Engler  and  Wild*  ibid,^  30;  Bach»  Le  Monitcnr  sciefitifique,  1897,  and  Comp* 
rend.,  124;  Manchot,  L  c. 

*  Ikr.  d.  d.  chem.  GeseUscb.,  3**  \i,  3fi. 

*T.oew,  U.  S.  Dept  of  Agriculture,  Rep.  CS,  1901,  and  Ber.  d.  d.  chem,  G«sellsciu, 
S5;  in  regard  to  the  opposed  views  see  Oiodat  and  Bach,  L  c, and  Kaatle  and  Loeven- 
hart,  Amer.  Chem.  Joum.,  2ft, 
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LoEw/  who  has  opposed  the  view  as  to  the  oxygen  becoming  active 
with  the  setting  free  of  oxygen  atoms,  has  sought  for  the  reason  of  the 
oxidations  in  the  imstable  properties  of  the  protoplasmic  proteids.  The 
active  movement  of  the  atoms  within  the  active  proteid  molecule  is  trans- 
mitted to  the  oxygen  and  to  the  oxidizable  substance,  and  when  the  disso- 
lution of  the  molecule  has  proceeded  to  a  certain  point  the  oxidation  occurs 
by  the  chemical  aflinity.  The  reason  for  this  imstable  condition  of  living 
proteid  molecules  has  already  been  given  above. 

ScHMiEDEBERG,'  who  also  denies  the  supposition  that  the  oxygen 
becomes  active,  is  of  the  view  that  the  tissues  by  the  mediation  of  the  oxida- 
tions do  not  increase  the  oxidizing  activity  of  the  oxygen,  but  more  probably 
act  on  the  oxidizing  substances,  making  them  more  accessible  to  oxidation. 

All  the  views  presented  thus  far  assume  a  continuous  oxidation  of  the 
primary  active  substance.  The  view  has  also  been  suggested  that  animal 
oxidation  may  be  brought  about  by  oxygen-carriers,  i.e.,  by  bodies  which, 
according  to  the  older  views,  without  being  oxidized  themselves,  act  in  an 
analogous  manner  to  the  nitric  oxide  in  the  manufacture  of  sulphuric  acid 
by  alternately  taking  up  and  introducing  oxygen  in  the  oxidation  of  djrs- 
oxidizable  bodies.  Traube  has  for  a  long  time  explained  the  oxidations 
of  the  animal  body  in  this  way,  and  he  calls  these  questionable  oxygen- 
carriers  oxidation  ferments^ 

It  has  also  been  positively  proved  by  the  researches  of  Jaquet,  Sal- 
KowsKi,  Spffzer,  Rohmann,  Abelous  and  Biarnes,  Bertrand,  Bour- 
QUELOT,  De  Rey-Pailhade,  Medvedew,  Pohl,  Jacoby,  Chodat  and  Bach,* 
and  others  that  in  the  blood  and  different  tissues  of  the  animal  body,  as  also 
in  plant-cells,  substances  occur  which  have  the  property  of  causing  certain 
oxidations  and  are  therefore  called  oxidation  ferments  or  oxidases.  Little 
is  known  in  r^ard  to  the  nature  or  the  manner  of  action  of  these  bodies. 
Certain  of  these  oxidases  are  nucleoprotcids  (Spitzer),  and  others,  like  the 
catalases  (Loew),  are  proteoses,  while  others,  on  the  contrary,  like  the 
liver  aldehydase  (Jacoby)  and  laccase  (Bertrand),  are  not  of  proteid 
nature.  A  large  number  of  these  oxidases,  so-called  direct  or  primary 
oxidases,  turn  tincture  of  guaiacum  blue  directly.  Others,  on  the  con- 
trary, the  indirect  oxidases  or  peroxidases,  decompose  hydrogen  peroxide 

'  O.  Loew,  The  Energy  of  Living  Protoplasm,  London,  1896. 

'Arch.  f.  exp.  Path.  u.  Pharm.,  14. 

'  M.  Traube,  Theorie  der  Fermentwirkungen.     Berlin,  1858. 

*  Jaquet,  Arch.  f.  exp.  Path.  u.  Pharm.,  29;  Salkowski,  Centralbl.  f.  d.  med.  Wis- 
eensch.,  1892  and  1894,  and  Virchow's  Arch.,  147;  Spitzer,  Pfliiger's  Archiv,  60  and 
67;  Spitzer  and  Rohmann,  Ber.  d.  deutsch.  chem.  Gesellsch.,  28;  Abelous  et  Biamds, 
-Vrch.  de  physiol.  (5),  7,  8,  and  9,  and  Compt.  rend.  soc.  biol.,  46;  Bertrand,  Arch,  de 
physiol.  (5),  8,  9,  and  Compt.  rend.,  122,  123,  124;  Bourquelot,  Compt.  rend.  soc. 
biol,  48,  and  Compt.  rend.,  123;  De  Rey-Pailhade,  1.  c  ;  Medvedew,  Pfliiger's  Arch., 
65;  Pohl,  Arch.  f.  exp.  Path.  u.  Pharm.,  38;  Jacoby,  Ergebniase  der  Ph>'^iologie, 
Jahfg.  I,  Abt.  I,  which  contains  the  literature  of  the  subject;  Chodat  and  Bach,  1.  c. 
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and  only  turn  tincture  of  guaiacum  blue  in  the  presence  of  peroxides, 
wliile  others,  like  the  catalases,  which  are  called  oxidases  by  Loew,  decom- 
pose  hydmgen  peroxide  with  activity,  but  do  not  turn  tincture  of  guaiacum 
blue  either  directly  or  indirectly  in  the  presence  of  peroxides. 

The  substances  upon  which  these  oxidases  act  may  at  the  5=ame  time 
be  of  the  greatest  differenc^^.  ThuB  the  oxidases  studied  by  Rohma^nn  and 
Spitzer  may  by  synthetical  oxidation  produce  indo  henol  from  a-naphthol 
and  p-phenylendianiine  in  the  presence  of  alkali.  The  salicylase  or  alde- 
hydase  detected  in  the  liver  and  many  other  organs  oxidizi^  many  alde- 
hydes to  their  corresponding  acid,  but  does  not  give  the  iodophcnol  reaction. 
The  laccase  isolated  by  Bertrand  from  the  juice  of  the  lac-tree  has  an 
oxidizing  action  upon  pjlyhydric  />-phenols,  such  as  hydroquinone,  but 
not  upon  t}Tosin.  Tlie  bodies  called  tyrosinases  first  found  by  Bertrand 
in  certain  fungi  and  later  also  found  by  Biedermann,  v.  Furth  and 
Schneider  in  the  animal  kingdom  have,  on  the  contrar^%  an  action  upon 
tyrosin  converting  it  into  homogeiitbic  acid  (Goxkermann  ^)  or  other 
colored  compounds. 

At  present  we  know  only  very  little  with  certainty  in  regard  to  the 
mode  of  action  of  these  oxidases.  It  is  generally  admitted  that  we  are 
here  dealing  with  a  catalysis  produced  by  intermediate  reactions.  As  in 
certain  oxidations  manganous  antl  ferrous  salts  act  as  catalysators,  so  an 
important  role  as  oxygen-carrien?  has  been  ascribed  to  these  metals,  espe- 
cially in  laccase  which  contaias  manganese,  and  in  the  oxidases,  containing 
iron  (Sfitzer's  nucleoproteid) .  Manchot'  in  his  work  on  the  autooxida- 
tion  of  ferrous  sulphate  has  recently  called  attention  to  the  apparently 
great  importance  of  imn  for  the  physiological  oxidations. 

According  to  the  observationB  of  Chodat  and  Bach  *  upon  plants^  the  oxidases 
are  a  mixture  of  oxygenases  and  peroxidases.  The  oxygenases  are  of  a  proteid 
nature  and  contain  manganese  or  iron  and  are  converted  into  peroxides  by  the 
taking  up  of  oxygen.  These  i>eroxides  themselves  only  have  a  slight  oxidizing 
power,  but  arc  made  active  by  the  fieroxidases  in  a  manner  similar  to  the  activ- 
ation of  hydrogt?n  j>eroxide  by  jjlatinuni-black  and  ferrous  sulphate.  The  fier- 
oxidai^es,  vvhirli  do  not  have  the  slightest  oxidizing  p*i\ver  in  the  absence  of  jjer- 
oxides,  are  not  proteids.  The  eatalases,  which  decompose  hydrogen  jjeroxide  with 
the  development  of  molecular  oxygen,  also  Ijclonp;  to  the  enzymes  taking  part 
in  the  oxidation  processes.  In  oxidatirtn^  arcording  to  the  hypothesis  of  Chodat 
and  Bach,  the  molerular  oxygen  is  first  ronverted  by  the  oxygenase  into  per* 
oxide.  The  peroxide  is  activated  by  the  |>eroxidase  and  then  has  ]>owerful 
oxidizing  fxiwcr.  The  eataUise  dcfoinposes  the  hydrogen  fx?roxide,  which  has  a 
destructive  action  and  which  is  abuodantly  formed  under  certain  circumstances. 

Like  the  other  enzymes  the  oxidases  also  have  a  pronounced  specific 
action,  as,  for  example,  a  certain  oxidase,  like  laccase,  only  oxidizes  certain 

*  Biedermann,  Pfluger'a  Arck,  72;    v,  Furth  and  Schneider,  Hofmeister's  Beitr. 
B,  chem.  Phys.  n.  Path.,  1;  G5imennami,  Pfluger's  Arch.,  82. 
'  Zeitschr,  f.  anorg.  Chem.,  27. 
•See  Bioch.  Centralbl,  1.  417  and  457, 
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substances,  but  not  others.  This  behavior,  which  is  difficult  of  explanation 
according  to  the  hypothesis  of  Chodat  and  Bach,  shows,  according  to- 
Medwedew/  that  the  substances  which  are  active  in  oxidation  do  not 
act  upon  the  oxygen,  but  rather  upon  the  substance  to  be  oxidized.  At 
present  it  is  difficult  to  say  how  far  special  oxidation  enzymes  are  active 
in  the  oxidations  in  the  living  animal  body. 

The  many  different  views  in  regard  to  the  oxidation  processes  show 
tte  strikingly  how  little  is  positively  known  about  these  processes.  The 
occurrence  of  numerous  intermediary  decomposition  products  in  the  animal 
body  teaches  us  that  the  oxidation  of  the  constituents  of  the  body  is  not 
instantaneous  and  sudden,  but  takes  place  step  by  step,  and  hand  in  hand 
with  cleavages.  Most  investigators  are  agreed  that  these  decompositions 
are  similar  to  certain  oxidations  studied  by  Drechsel  '  outside  the  animal 
body,  where  oxidations  and  reductions  alternate  in  quick  succession.  The 
views  are  divided  in  regard  to  the  manner  and  origin  of  this  cooperative 
action.* 

The  oxidations  in  the  animal  body  have  long  been  designated  as  a  com- 
bustion, and  such  a  conception  is  easily  reconcilable  with  the  above-mentioned 
views.  In  combustion  in  the  ordinary  sense,  as,  for  example,  the  burning 
of  wood  or  oil,  we  must  not  foiget  that  the  substances  themselves  do  not 
combine  with  oxygen.  It  is  only  after  the  action  of  heat  has  decomposed 
these  bodies  to  a  certain  degree  that  the  oxidation  of  the  products  of  such 
decomposition  takes  place  and  is  accompanied  by  the  phenomenon  of  lightr 

The  essential  source  of  heat  and  mechanical  work  developed  in  the 
organism  is  to  be  found  in  the  oxidations.  Chemical  energy  is  transformed 
into  the  above-mentioned  forms  of  energy  in  cleavage  processes,  where 
complicated  chemical  compounds  are  reduced  to  simpler  ones,  and  there- 
fore the  atoms  change  from  a  unstable  to  a  stabler  equilibrium,  and 
stronger  chemical  affinities  are  satisfieil.  The  best-known  example  of  such 
a  spUtting  process  is  the  ordinary  alcoholic  fermentation  of  dextrose^ 
C,H,jOe  =  2C02  +  2C2H50,  a  process  which,  according  to  the  very  interesting 
investigations  of  Stoklasa  and  his  collaborators,^  occurs  also  in  animal 
life  in  anaerobic  respiration.  The  animal  body  may  also  have  a  source  of 
energy  in  the  cleavage  processes  which  are  not  dependent  on  the  presence 
of  free  oxygen.  The  processes  taking  place  in  the  living  muscle  are  an 
example  of  this  kind.  A  removed  mascle,  which  gives  no  oxygen  when  in 
a  vacuum,  may,  as  Hermann  '  has  shown,  work,  at  least  for  a  time,  in  an 


»Pfluger's  Arch.,  81. 

*  Joum.  f.  prakt.  Chem.  (N.  F.),  22,  29,  38,  and  Festschrift  fiir  C.  Ludwig,  1887. 

*  See  M.  Nencki,  Arch,  des  sciences  bid.  de  St.  Peterebourg,  1,  483. 

*  HofmeJster's  Beitr.,  3,  and  Centralhl.  f.  Physiol,  16,  652  and  712.  See  alsa 
Stoklasa.  Osterreich.  Chem.  Zeitung.  1003,  and  Centralbl.  f.  Physiol.,  17;  Stoklasa  and 
Ciemy,  Ber.  d.  d.  chem.  Gesellsch..  36;  Blumenthal,  Deutsch.  Med.  Wochcnschr.^ 
1903;   Feinachmidt,  Hofmeister's  T^ehriif^e,  4. 

*  Untereucfa.  uber  den  Stoffwechsel  der  Menschen,  Berlin,  1867. 
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atmosphere  devoid  of  oxygen,  and  ^ive  off  carboE  dioxide   at  the  same 
lime. 

Cleavage  processes  which  are  accorapanicd  by  a  decomi>nsition  of  water 
and  then  a  taking  up  of  its  constituents  arc  calJed  hi/drolytie elcamges.  These 
cleavages,  which  play  an  important  role  within  the  animal  Ijody,  and  which 
are  most  frequently  met  with  in  the  processe^s  of  digeslitni,  are,  for  example, 
the  traasformation  of  starch  into  sugar  and  the  splitting  of  neutral  fats 
into  the  corresponding  fatty  acid  and  glycerine; 

C  H,(C„H^0,)3 + 3H,0  =  C3H,(OH)3  +  3(C,,H^0^ . 

TrLiiLuarm  Glyceritie  StOHne  acid 

As  a  rule  the  hydrolytic  cleavage  processes  as  they  occur  in  t!ie  animal 
body  may  be  performed  outi^ide  of  it  by  means  of  higher  temperatures  with 
or  without  the  simultane<:>us  action  of  acids  or  alkalies.  Considering  the 
two  above-men tioueti  exam]>lea,  we  know  that  starch  is  converted  Into 
t;ugar  when  it  Is  boiled  with  dilute  acids,  and  also  that  the  fats  are  split 
into  fatty  acids  and  glycerine  on  heating  thcni  with  caustic  alkalies  or  by 
the  action  of  superheated  steam.  The  heat  or  tiie  chemical  reagents  which 
are  ased  for  the  performance  of  these  reactions  would  cause  imnieJiate 
<leath  if  appiietl  to  the  hvhig  body.  Consequently  the  animal  ort^anism 
must  have  other  means  at  it^  dis[)osai  which  act  similarly,  but  in  such  a 
manner  that  they  may  work  without  endangering  the  life  or  normal  con- 
stitution of  the  tissues.  Bueh  means  have  !>een  recognized  in  the  so-called 
tmorganized  ferments  or  enzymes. 

Alcohohc  fermentation,  as  well  as  other  processes  of  fermentation  and 
putrefaction,  is  dependent  upon  the  presence  of  living  organ isnxs,  ferment 
fungi,  and  splitting  fungi  of  different  kinds.  The  ordinary  view,  according 
to  the  researches  of  Pasteuk,  Is  that  these  processes  are  to  be  coasidered  as 
phases  of  life  of  these  organisms.  The  name  orgamzal  ftrmenls  or  ferniefit^ 
has  been  given  to  such  micro-organisnus  of  which  ordinary  yejist  is  an 
example.  However,  the  .same  name  has  also  been  given  to  certain  bodies  or 
mixtures  of  bodies  of  unknown  organic  origin  which  are  pniducts  of  the 
cliemical  work  within  the  cell,  and  which  after  they  are  removed  from  the 
€^11  still  have  their  characteristic  action.  Such  bodies,  for  example  malt 
diastjise,  rennin,  and  the  digestive  ferments,  are  capable  in  the  ver\'  small- 
est ffuantity  t>f  causing  a  fieconijiosition  or  cleavage  in  very^  considerable 
ciiianlities  of  other  substances  without  entering  intn  permanent  chemical 
eoinljination  witli  the  decomjKised  liody  or  with  any  of  the  cleavage  or 
cleccjiTiposition  products.  These  formless  or  unorganized  fei-mcnt^  are 
generally  calle<l  emffmes,  according  to  Kithne. 

A  ferment  in  a  more  re^stricted  sense  Is  therefore  a  living  being,  while 

an  enzyme  is  a  pmduct  of  chemical  processes  in  the  cell,  a  product  which 

has  an  indivirkiality  even  without  the  celU  and  which  may  l>e  active  when 

separatefl  from  the  cell.     Tlie  s|ilitting  of  invert-sugar  into  carbon  dioxide 

^nrf  Bleohol  by  fermentation  is  a  fermentative  process  closely  connected 
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with  the  life  of  the  yeast.  The  inversion  of  cane-sugar  is,  on  the  contrary, 
an  enzymotic  process  caused  by  one  of  the  bodies  or  mixture  of  bodies 
formed  by  the  living  ferment,  which  can  be  severed  from  this  ferment,  and 
still  remain  active  even  after  the  death  of  the  latter.  Consequently  fer- 
ments and  enzymes  are  capable  of  manifesting  a  different  behavior  towards 
certain  chemical  reagents.  Thus  there  exist  a  number  of  substances, 
among  which  we  may  mention  arsenious  acid,  phenol,  toluene,  salicylic 
acid,  boracic  acid,  sodium  fluoride,  chloroform,  ether,  and  others,  which 
in  certain  concentration  kill  ferments,  but  which  do  not  noticeably  impair 
the  action  of  the  enzymes. 

•  The  above  view  as  to  the  difference  between  ferments  and  enzymes  has 
lately  been  essentially  shaken  by  the  researches  of  E.  Buchneu  *  and  his 
pupils.  He  has  been  able  to  obtain  from  beer-yeast,  by  grinding  and 
strong  pressure,  a  cell  fluid  rich  in  protcid  which  when  introduced  into 
a  solution  of  a  fermentable  sugar  caused  a  violent  fermentation.  The 
objections  raised  from  several  sides  that  the  fluid  ex-pressed  still  contained 
dissolved  living  cell  substance  has  been  so  successfully  answered  by  Buch- 
NER  and  his  collaborators,  that  there  is  at  present  no  question  but  that 
alcoholic  fermentation  is  caused  by  a  special  enzyme  called  zymase  which 
is  formed  in  the  yeast-cell. 

As  from  the  yeast-cell  so  also  from  other  lower  organisms,  indeed  from 
the  lactic-acid  bacilli  and  beer-vinegar  bacteria,  we  have  recently  been  able 
to  isolate  enzymes  (E.  Buchner  and  Meisenheimer,  Herzog  ^)  which 
prwiuce  the  specific  fermentative  action  of  the  mother  orp;atiLsm.  We 
have  therefore  now  no  foundation  for  a  sharp  differentiation  between  the 
organized  ferments  and  the  enzymes. 

Many  enzymes  are  secreted  by  the  cells  and  are  therefore  called  secre- 
tion enzymes.  These  do  not  seem  to  be  secreted  as  such,  but  more  likely 
occur  as  precursors  of  the  enzymes,  the  zymogens,  in  the  cells.  These 
zymogens  are  then  transformed  by  special  influence  into  the  enzymes 

Besides  these  extracellular  enzymes  we  also  find  others  which  are  active 
within  the  cells,  the  intracellular  enzymes.  To  this  group  belongs  a  large 
number  of  enzymes,  among  which  are  those  proteolytic  enzymes  first 
observed  by  Salkowski  and  his  pupils,  which  produce  post-mortem  solf- 
digestion  of  different  organs,  which  he  called  auto  digestion.  Jacoby  has 
recently  further  studied  this  autodigestion  and  has  called  it  autolysis.     Wc 

*  E.  Buchner,  Ber.  d.  deutsch.  chem.  Gesellsch.,  30  and  31;  E.  Buchner  and  Uapp, 
ibid.,  31,  32,  34;  H.  Buchner,  Sitzungsber.  d.  Gesellsch.  f.  Morphol.  u.  Physiol,  in 
Munchen,  13,  1897,  part  1,  which  also  contains  the  discussion  on  this  topic.  See  al.s-) 
Stavenhagen,  Ber.  d.  deutsch.  Chem.  Gesellsch.,  30;  Albert  and  Buchner,  ibid.,  33; 
Buchner,  ibid.,  33;  Albert,  ibid.,  33;  Albert.  Buchner,  and  Rapp,  ibid.,  35;  in  re£:ard 
to  the  opposed  views  see  Macfadyen,  Morris  and  Rowland,  ibid.,  33;  Wroblcwski, 
C«itralbl.  f.  Physiol.,  13,  and  Joum.  f.  prakt.  Chem.  (N.  F.),  W. 

'E.  Buchner  and  Meisenheimer,  Ber.  d.  d.  chem.  Gesellsch.,  30;  Herzog,  Zeitschr. 
i  physiol.  Chem.,  37. 
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cannot  for  the  present  state  anything  positive  in  regard  to  the  importance 
of  these  and  other  intraceUular  enzymes^  in  the  physiological  processes  in 
tthe  living  celb.  The  abundant  occurrence  of  oxidases  and  other  enzymes 
iDf  different  kinds  in  the  cells,  the  increase  in  the  liver  autolysis  found  by 
Jacdby  in  j)hosphonis  poisoning,  the  solution  of  the  pneumonic  infiltra- 
tion by  an t<j lysis  ol>ser\'etl  by  Muller,  and  several  other  ob5er\^ations  ' 
fieem  to  make  it  pn>bable  that  the  intracellular  enzymes  play  an  impor- 
tant role  in  life,  atid  these  enzymes  have  been  considered  as  the  chemical 
tools  of  the  cells. 

Thus  far  no  enzyme  has  been  prepared  in  a  pure  state  with  positiveness 
and  hence  the  nature  of  the  enzymes  and  their  elementar>^  composition 
is  still  unknown.  The  enzymes  are  considered  as  proteid  botlies  by  nuiny 
investigators,  but  this  opiniou  has  not  sufficient  foundation^  and  Is  dis- 
puted at  least  for  certain  enzymes.  It  is  indee<l  tnie  that  the  enzymes 
isolatetl  by  certain  investigators  act  like  genuine  pn>teid  bodies;  but  it  is 
undecided  whether  or  not  the  prrKlucls  Lsolated  in  these  iastances  were 
pure  enzymes  or  were  composed  of  enzymes  contaminated  with  proteids. 

Tlie  enzymes  may  be  extracted  from  the  celk  and  tissues  by  means  of 
water  or  glycerine,  especially  l>y  the  latter,  which  forms  very  stable  solu- 
tions antt  hence  Ls  extensively  usetl  as  a  means  of  extracting  them.  The 
enzymes,  generally  speaking,  do  not  appear  Uy  be  diffusible,  and  Biiedig  ' 
has  given  several  reiLsons,  which  will  l>e  given  later,  for  considering  them 
not  as  tnie  solutions  but  rather  cuUoidal  ones.  The  enzymes  are  also 
absorbed  by  other  colloids  and  are  carried  down  by  fine  precipitates,  and 
this  ])roperty  is  extensively  taken  advantage  of  in  their  preparation.*  The 
enzymes  are  precipitated  from  their  solutioiLs  l>y  alcohoL  Tiie  continued 
heating  of  their  sohitions  alxive  8*)°  C,  generally  destroys  most  of  the 
enzymes.  In  the  dry  state,  however,  certain  enzymes  may  be  heated  to 
lOO*^  or  indeed  to  1 50*^-1 60'='  C.  without  losing  their  activity. 

The  action  of  the  enzymes  may  be  markedly  influenced  by  external 
conditions.  The  reactimi  of  the  litpiid  is  of  special  importance.  Cer- 
tain enzymes  act  only  in  acid,  others,  and  the  majorit}^  on  the  contrarj^ 
iiet  only  in  neutral  or  alkaline  liquids.  Certain  of  them  act  in  very  faintly 
ficid  as  well  m  in  neutral  or  alkaline  solutions,  but  best  at  a  specific  reac- 
tion. The  temperature  exercises  also  a  very  important  influence.  In 
general  the  activity  of  enzymes  increases  to  a  certain  limit  with  the  tem- 
perature. This  optimum  is  not  always  the  same,  but^  as  shown  by  Tam- 
MANN,  depends,  like  the  destructive  action  of  high  temperatures,  essea- 


'  A  complete  summary  of  the  literature  of  intracellular  enzymes  unci  autolysis 
may  be  found  hi  Jaco1>y,  **  Ulier  dio  Btxleutuug  der  ititrzLKeUularea  Fermente,  etc.," 
^rgelmisee  der  Physiologie,  Jahrg,  I,  Abt.  L,  1902. 

*  An  organise  he  Fermentep  Leipzig,  190L 

■8ec  Briicke»  Wien.  Bitxun^ber.,  43,  186L 
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tially  upon  the  quantity  of  enzyme  and  other  conditions.  The  products 
of  the  enzymotic  processes  exercise  a  retarding  influence  in  proportion  as 
they  accumulate,  and  indeed  the  enzymotic  process  may  thereby  be 
entirely  stopped.  In  such  cases  of  ** false  equilibrium''  (Bredig)  we 
may,  as  shown  by  Tammann/  often  start  the  reaction  again  by  remov- 
ing the  products  of  the  reaction,  by  diluting  with  water,  by  raising 
Ae  temperature,  by  the  addition  of  more  substance,  or  by  the  addition  of 
more  of  the  enzyme.  The  addition  of  neutral  salts  and  other  substances  of 
various  kinds  may  partly  have  an  accelerating  and  partly  a  retarding  action.' 

We  have  no  characteristic  reactions  for  the  enzymes  in  general,  and 
each  enzyme  is  characterized  by  its  specific  action  and  by  the  conditions 
under  which  it  operates.  According  to  these  actions  most  of  the  enzymes 
studied  can  be  divided  into  two  chief  groups,  namely,  the  hydrolytic  and 
the  oxidizing  enzymes.  The  most  important  subgroups  of  the  hydrolytic 
enzymes  for  animal  life  are  the  proteolytic^  or  those  which  dissolve  proteid, 
tie  lipolytic,  or  fatnsplitting,  and  the  amylolytic  (or  diastolic)  enzymes,  which 
act  upon  the  starches.  To  this  last  group  we  must  include  the  invertases, 
which  split  the  disaccharides  into  monosaccharides.  Among  the  hydro- 
lytic enzymes  we  must  also  include  the  urea^plitting  and  the  glucoside- 
splitting,  the  latter  occurring  in  the  higher  plants.  The  proteid-coagulating 
enzymes,  chymosin  or  casein-coagulating  and  thrombin  or  blood-coagulat- 
ing enzyme,  belong  to  a  special  though  not  clearly  defined  group. 

The  various  oxidases  have  already  been  discussed  in  the  preceding 
pages.  According  to  the  observations  of  certain  investigators  '  we  also 
have  enz>'mes  which  have  a  reducing  action,  so-called  reductases  or  hydro- 
genases.  To  this  group  belongs  the  so-called  * '  philothion "  which  de- 
velops sulphuretted  hydrogen  in  the  presence  of  sulphur  and  water, 
while  other  investigators  have  not  been  able  to  substantiate  this  fact.* 
The  property  of  many  enzymes,  besides  their  specific  action,  of  decompos- 
ing hydrogen  peroxide,  does  not  belong  to  the  enzymes  themselves,  but 
depends  upon  their  contamination  with  another  enzyme  which  has  been 
caUed  catalase.' 

In  order  to  obtain  a  clear  and  concise  nomenclature  of  the  enzymes  v.  Lipp- 
Sf  ANN  •  has  suggested  to  construct  the  name  of  the  enzyme  out  of  two  words,  one 

*  The  work  of  Tammann  may  be  found  in  Zeitschr.  f.  physiol.  Chem.,  16,  and 
Zeitschr.  f.  prakt.  Chem.,  3  and  18. 

'See  Fenni  and  Pemossi,  Zeitschr.  f.  Hygiene,  18;  also  in  regard  to  the  enzymes 
in  general  see  C.  Oppenheimer,  Die  Fermente,  1900. 

'  See  Abelous  et  Gerard,  Compt.  rend.,  129;  Pozzi-Escot,  Bull.  Soc.  Chim.  (3),  27. 

*De  Rey-Pailhade,  Recherches  exp<5r.  sur  le  Philothion,  etc.,  Paris,  1891,  and 
Nouvelles  recherches  sur  le  Philothion,  Paris,  1892;  Pozzi-Escot,  1.  c. ;  Chodat  and 
Bach,  Ber.  d.  d.  chem.  GeseUsch.,  36;  Abelous  et  Ribaut,  Compt.  rend.,  137. 

•See  Al.  Schmidt,  Zur  Blutlehre,  Leipzig,  1892;  Jacobson,  Zeitschr.  f.  physioL 
Chem.,  16;  O.  Loew,  foot-note  5,  page  6. 

*  Ber.  d  d.  chem.  GeseUsch..  3G. 
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of  which  represents  the  substant^e  artetl  upon  by  the  cnzj'me,  while  the  seeond 
is  the  important  or  t^hicf  product  prixlured  by  ibe  enzyme.  Thus  maltoglucaso 
b  an  en/Atnis  \\'hich  producers  ^/-glucose  from  maltose,  aniylmaJtase,  one  that 
forms  maltose  from  starch  (aniyliini),  etc. 

The  actirm  of  the  enzymes  is  specific,  as  one  and  the  same  enzyme  only 
acts  upon  one  substance  or  a  few  certain  substances  or  groups  of  them. 
Their  action  seems  to  be  entirely  dei>enilent  upon  the  stereometric  con- 
strue tion  of  the  substance  at* ted  upon,  and  we  can  admit  that  the  enzyme 
attacks  only  specially  arranged  stereometric  atomic  groups^  where  the 
enzyme  fits  the  substance  in  a  manner  similar  to  a  key  fitting  a  lock 
(E.  Fischer).  E.  Fi.sciter  '  hiis  given  a  p<»sitive  proof  for  the  great 
importance  of  a  different  stereometric  configiiration  by  hi^  investifjahons 
upon  the  artificially  prepared  series  of  stereo bumerie  glueopides  which  he 
calls  a  and  /^  glucosides.  The  enzymes  of  yeast  infusions  only  act  upon 
the  ghicosides  of  the  a-series,  while  eniulsin,  on  the  contrary^  only  acts 
upon  those  of  the  /3-series. 

Tlie  best-known  and  most  carefully  studied  enzyme  actions^  the  hydroly- 
ses,  are  exothermal  processeSj  and  therefore  the  sum  of  the  new  products 
prtKiuced  have  a  lower  heiTt  of  combustion  tliaa  the  original  substance. 
Now,  as  s\m theses  are  generally  endothermal  reactions,  i.e.,  are  processes  re-  1 
quiring  a  taking  up  of  heat  wliere  external  energy  must  be  supplied  before    ■ 
they  take  place,  and  also  as  the  enzymes  are  not  a  source  of  eiiei^y,  it 
used  to  be  generally  considered  that  the  enzymes  could  not  bring  about 
any  syntheses.     This  view  is  nevertheless  nntenalile,  and  it  has  also  been 
shown  tliat  enzymotic  h>^drolysei=!  may  be  reversible  iimccsses  whic^h  pro- 
duce syntheses.     Cropt  Hill  has  shown  that  maltase,  w^iiich,  as  h  well 
known,  has  a  splitting  action  npm  maltose,  also  has  the  power  of  regener- 
ating from  glucose  two  isomeric  b loses,  one  a  new^  lx)dy  called  revertosf  and 
another  w^hich  is  probably  maltose  (see  afcso  Ealmerling  ^).    Harriot,* 
Kastle    and    Loevkmhardt  *    have   shown   that    the    liinises    can    bring 
about    syntheses,    and   finally  Emmertjno^  has  been  able   to   synthesize 
amygdalin   from   mandelicacidnitril  glucoside    and  glucose  by  means    of  i 
the  yeast  maltase.      According    to  Abelous   and  Ribaut  "  the  pig  and    ■ 
horse  kidneys  contain  an  enzyme,  which  produces  luppuric  acid  from  benzyl 
alcohol  and  glycocoll.     Thc?>^e  investigators  are  of  the  opinion  that  the   1 
benzyl  alcohol  Is  first  oxidize:  1  to  benzt>ic  a^dd  and  then  that  the  s}mthesLs    ■ 
is  brought  about  by  the  ai<.l  of  the  energy  set  free  in  tliis  process.     There 

*  Zeitschr.  f.  physioi  Chern.^  26. 

'Hill,  Ber.  d-  d.  chem.  Gesellsch.,  S4,  and  Transactions  Chem.  Society,  1^3,  83; 
Emmerling,  Ber.  d.  d.  chem.  Gesellsch.^  M. 
■Compt  rend.,  132, 
*The  Amer.  Chem.  Joum.,  24. 
<Bcr.  d.  d.  chem.  Gcsellsch.,  .^4,  3810. 
•Compt.  rend.  Soc.  biol,  52;  Ma!y's  Jahresber.^  80. 
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fe  more  and  more  tendency  to  accept  the  view  that  the  intracellular  enzymes 
are  of  importance  for  the  syntheses  in  the  animal  body. 

The  kind  and  manner  of  the  action  of  enzymes  is  still  unknown.     We 
are  sure  that  they  do  not  occur  among  the  final  products  of  the  reaction; 
still  it  is  quite  possible  that  preliminarily  a  transitory  combination  of  the 
enzyme  and  the  substance  takes  place,  a  view  which  has  received  consider- 
able support  by  the  work  of  Hanriot  upon  lipase  and  especially  by  the 
studies  of  Henri  ^  on  invertase,  diastase,  and  emulsin.     Certain  investi- 
gations carried  on  during  the  last  few  years,  showing  the  marked  corre- 
spondence beween  catalysis  and  enzyme  action,  have  been  of  special  impor- 
tance for  a  deeper  insight  into  the  manner  of  enzyme  action.     The  cataly- 
sators,  like  the  enzymes  or  their  derivatives,  are  not  found  in  the  final  prod- 
ucts of  the  reaction,  and  the  quantity  of  the  active  substance  proportionate 
to  the  quantity  of  substance  transformed  is  infinitesimally  small  in  enzyme 
action  as  well  as  in  catalysis.     In  enzyme  action  as  well  as  in  catalysis  the 
reaction  velocity  seems  to  be  independent  of  the  quantity  of  the  active 
substance  added,  and  this  indicates  that  the  enzyme  action  is  not  to  be 
considered  as  a  starting  of  a  reaction  which  would  not  of  itself  take  place, 
but  rather  as  an  acceleration  of  a  slow,  often  not  noticeable,  proceeding 
chemical  change.     According  to  this  conception  enzyme  action  comes  in 
a  line  with  catalysis,  as,  according  to  Ostwald,'  bodies  are  called  cataly- 
sators  which  by  their  presence  cause  a  change  in  the  reaction  velocity  of 
chemical  processes,  and  indeed  positive  or  negative,   according  as   they 
produce  acceleration  or  retardation.     The  striking  correspondence  between 
enzymes  and  inorganic  catalysators  has  been  shown  especially  by  Buedig 
and  his  collaborators,  v.  Bemek,  Ikeda,  and  Reinders,'  by  their  very 
important  investigations. 

Bredig  has  been  able  to  prepare  colloidal  solutions  of  platinum,  gold, 
and  silver  by  allowing  the  electric  arc  to  play  between  two  poles  of  the 
respective  metal  beneath  water.  These  solutions  of  colloidal  metals, 
metallic  soles,  show  by  their  activity  and  the  dependence  of  this  activity 
upon  external  influences,  even  by  poison,  such  strong  resemblance  to  the 
enzymes  that  Bredig  has  indeed  called  them  inorganic  ferments. 

Still  it  is  nevertheless  true  that  the  manner  of  action  of  catalysators 
has  not  been  explained,  and  we  must  be  careful  not  to  draw  too  positive 
conclasions  from  the  remarkable  correspondence  of  the  manner  of  action 
of  metallic  soles  and  certain  ferments.'*     This  comparison  between  enzymes 

'  Hanriot,  Compt.  rend.,  132;  Henri,  Lois  g^ni^rales  de  Taction  des  diastases, 
Paris,  1903. 

'Grundrlss  d.  allgemein.  Chemie,  3.  Aufl.,  1899. 

"  See  Bredig,  Anorganische  Fermente,  Leipzig,  1901,  and  also  Bredig,  Die  Elemenfce 
d.  chemischen  Kinetik,  etc.,  Ergebnisse  der  Physiologic,  Jahrg.  I,  Abt.  1,  1902. 

*See  Kastle  and  Loevenhart,  Amer.  Chem.  Jour.,  29. 
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and  catalysators  opens  up  new  lines  of  study  of  enzyme  action  which 
undoubtetlly  will  be  verj^  fruitful 

As  above  stated,  the  enzymes  are  of  great  imixirtance  for  the  chemical 
processes  going  on  in  the  digestive  tract,  but  we  have  to  add  that  the 
results  of  their  action  are  greatly  eomplicat€*d  by  processes  of  putrefaction 
which  take  place  in  the  intetitiiie  at  the  same  time,  and  which  are  caused 
by  micro-organisms.  Micro-oiganisnLs  therefore  exercise  a  certain  influ- 
ence uii  the  physiological  processes  of  the  animal  lx)dy.  These  organisms, 
when  they  enter  the  animal  fluitls  and  tissues  and  develop  and  multiply, 
are  of  the  greatest  pathological  imix>rtance,  and  modern  bacteriology  in 
relation  to  the  doctrine  of  infectious  dlse^ises,  founded  by  Pasteur  and 
Koch,  gives  important  testimony  to  these  facts. 

The  products  produccfl  by  micro-oi^anisms  may  be  of  ver>^  different 
kinds.  Among  the  substances  prtiduced  in  the  decomposition  of  animal 
fluids  and  tissues  by  putrefactive  organisms  we  find  substances  having  a 
basic  nature.  To  this  class  belong  the  cadaver  alkaloids  called  ptomaines, 
first  found  by  8elmi  in  human  cadavers  and  theu  specially  studied  by 
BruEGCR  and  Gautier.*  CerUiin  of  these  are  poisonous,  designated  as  tox- 
ins, while  the  others  are  non-poisonous.  They  all  belong  to  the  aliphatic 
compounds  and  generally  do  not  contain  oxygen.  As  an  example  of  these 
basic  substances  we  miLst  mention  the  two  diamines,  cadaverin  or  pen- 
tamethylendiamine,  CsHi^Xj,  and  putrescin  or  tetramethylendianiine, 
CyiijNj,  which  have  awakened  special  interest  because  they  occur  in  the 
contents  of  the  intestine  and  in  the  urine  in  certain  pathological  condi- 
tions, especially  in  cholera  and  c>^tinuria.' 

i\s  above  stated,  the  chemical  processes  in  animals  and  plants  do  not 
stand  in  opposition  to  each  other;  they  offer  thfferences  indeed,  but  still 
they  are  of  the  same  kind  from  a  qualitative  standpoint.  Pfluger  says 
that  there  exists  a  blood-relatiorLship  l>etween  all  li\nng  cells  of  the  animal 
and  vegetable  kingdoms,  and  that  they  originate  frtjni  the  same  root;  and 
if  the  unicellular  plant  organisms  can  decompose  protein  substiinces  in 
such  a  manner  as  to  produce  poLsonous  substances,  why  shoidd  not  the 
animal  body,  which  is  only  a  collection  of  cells,  be  able  to  prorluce  under 
physiological  conditions  similar  poisonous  substances?  It  has  been  known 
for  a  long  time  that  the  animal  btdy  pf>ssesses  this  ability  Ui  a  great  extent, 
and  as  well-known  evidence  of  this  ability  we  may  mention  various  nitro- 
genized  extractives  and  poisonous  constituents  of  the  secretions  of  certain 
animals.     Those  substances  of  basic   nature   which   are   incessantiv   and 


'  Selmi,  Sulle  ptomaine  od  alcaloidi  cadavericl  e  loro  importanza  in  tossicologia. 
Bologna,  IS7S;  Ber  d.  deiitst-k  chem.  Gesellsch.,  11.  Correspond,  by  11.  Schiff;— 
Brieger,  Uebcr  Ptomaine,  Piirta  1,  2,  and  3.  Borlin.  ISS.VlSSfi;— A,  Gauticr,  Traits 
de  chimie  app!iqii<'*e  t\  la  physiologic,  2,  1873,  and  Corapt.  rend,  HI. 

'  See  Briefer,  Berlin,  klin.  Wochenschr,  1H,S7;  Baumaiin  and  Udransky.  Zeitschr 
f,  physiol  Chem,,  H  and  l*i;  Brieger  and  Stadthagen,  BerlUi.  klin,  Wcwhenwhr.,  1889* 
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regularly  produced  as  products  of  the  decomposition  of  the  protein  sub- 
stances in  the  living  organism,  and  which  therefore  are  to  be  considered 
as  products  of  the  physiological  metabolism,  have  been  called  leucomaines 
by  Gautier  in  contradistinction  to  the  ptomaines  and  toxins  produced 
by  micro-organisms.  These  bodies,  to  which  belong  several  well-known 
aninud  extractives,  were  isolated  by  Gautier  *  from  animal  tissues  such 
as  the  muscles.  The  hitherto  known  leucomaines,  of  which  a  few  are 
poisonous  in  small  amounts,  belong  to  the  choline,  the  uric  acid,  and  the 
creatinine  groups. 

The  leucomaines  are  considered  as  being  of  certain  importance  in  caus- 
ing disease.  It  has  been  contended  that  when  these  bodies  accumulate  on 
account  of  an  incomplete  excretion  or  oxidation  in  the  system,  an  auto- 
intoxication may  be  produced  (Bouchard  and  others  '). 

Of  especially  great  interest  are  the  toxins  which  are  found  in  the  higher 
plants  and  animals,  like  the  jequirity-bean  and  castor-seed,  in  the  poison 
of  snakes  and  spiders,  in  blood-serum,  etc.,  and  particularly  those  produced 
by  pathogenic  micro-oiganisms  which  have  an  unmistakable  relationship 
to  the  enzjTnes.  A  closer  study  of  these  various  bodies,  lysins,  agglutinins, 
toxins,  etc.,  as  well  as  of  the  antitoxins  and  theory  of  inmiunity,  does 
not  lie  within  the  scope  of  this  work,  and  although  the  subject  Ls  of  the 
greatest  importance,  it  cannot  be  treated  here.  We  can  only  call  atten- 
tion to  one  similarity  between  many  toxins  and  enzymes,  and  this  is 
important  in  connection  with  what  we  have  already  stated  in  regard  to 
the  enzymes.  As  by  the  repeated  introduction  of  a  toxin  into  an  animal 
b(xly  we  can  excite  a  formation  of  the  corresponding  antitoxin,  so,  as  first 
shown  by  Morgenroth,'  it  Ls  also  possible  by  the  increasing  introcl\iction 
of  an  enzyme  (rennin,  for  example)  to  produce  an  antienzyme  (an  antiren- 
nin)  in  the  body.  This  is  only  a  special  case  of  the  general  immunity  theory 
where  the  animal  body  has  the  power  of  making  foreign  substances  non- 
destructive by  reaction  products  produced  by  the  body. 

*  Bull.  soc.  chim.,  43,  and  A.  Gautier,  Sur  les  alcaloides  deriv^'s  de  la  destruction 
hacU'rienne  ou  physiologique  des  tissus  animaux.     Paris,  1886. 

'  Bouchard,  Le<;ons  sur  les  auto-intoxications  dans  les  maladies.  Paris,  1887.  See 
tlao  the  various  text-books  of  clinical  medicine. 

'  Central  bl.  f.  BacterioL  u.  Parisitenkunde,  26. 


CHAPTER  II. 
THE  PROTEIN  SUBSTANCES. 

The  chief  mass  of  the  organic  constituents  of  animal  tissues  consists  of 
amorphous,  nitrogenized,  very  complex  bodies  of  high  molecular  weight. 
These  bodies,  which  are  either  proteids  in  a  special  sense  or  bodies  nearly 
related  thereto,  take  first  rank  air.ong  the  organic  constituents  of  the  ani- 
mal body  on  account  of  their  great  abimdance.  For  this  reason  they  are 
classed  together  in  a  special  grou;^  which  has  received  the  name  protein 
group  (from  TrpaoTevo^  I  am  the  first,  or  take  the  first  place).  The  bodies 
belonging  to  these  several  groups  are  called  protein  substances,  although  in 
a  few  cases  the  proteid  bodies  in  a  special  sense  are  designatel  by  the 
same  name. 

The  several  protein  svbstances^  contain  carbon ,  hydrogen,  nitrogen,  and 
oxygen.  The  majority  contain  also  sulphur,  a  few  pfwsphorus,  and  a  few 
also  iron.  Copper,  chlorine,  iodine,  and  bromine  have  been  found  in  some 
few  cases.  On  heating  the  protein  substances  they  gradually  decompose, 
producing  a  strong  odor  of  burnt  horn  or  wool.  At  the  same  time  they 
produce  inflammable  gases,  water,  carbon  dioxide,  ammonia,  nitrogenized 
bases,  besides  many  other  substances,  and  leave  a  large  quantity  of  carbon. 
On  hydrolytic  cleavage  they  all  yield,  besides  nitrogenous  basic  substances, 
esi)ecially  large  amounts  of  monamino  acids  of  different  kinds. 

The  nitrogen  occurs  in  the  protein  bodies  in  various  forms,  and  this  is 
also  found  in  the  division  of  the  nitrogen  among  the  cleavage  products. 
On  boiling  with  dilute  mineral  acids  we  obtain  (1)  so-called  amid  nitrogen, 
which  is  readily  split  off  as  ammonia;  (2)  a  guanidine  residue  which  Is  com- 
bined with  diamino valerianic  acid  as  arginin  and  which  has  also  been  called 
the  urea-forming  group;  (3)  basic  nitrogen,  diamino-acid  nitrogen,  which 
is  precipitated  by  phosphotungstic  acid  as  basic  products  (to  which  also 
the  guanidine  residue  of  arginin  belongs);  (4)  monamino-acid  nitrogen; 
and  (5)  the  nitrogen  in  variable  amounts  which  appears  as  humus-like 
melanoidins,  which  seem  only  to  be  of  secondary-  formation  as  products  of 
elaboration. 

*See  "Eiweisskorper,**  Ladenburg's  Handworterbuch  der  Chemie,  3,  534-.'>89, 
which  gives  a  very  complete  summary  of  the  literature  of  protein  substances  up  to 
1886.  The  more  recent  literature  up  to  the  year  1900  may  be  found  in  O.  Cohnheim, 
Chemie  der  EiweisskQrper.     Braunschweig,  1904. 
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The  quantitative  division  of  the  total  nitrogen  between  the  above 
five  groups  is  different  for  the  various  protein  substances,  but  cannot  be 
pven  with  certainty,  because  of  the  above-mentioned  melanoidin  forma- 
tion  and  the  errors  in  the  methods  used.*  The  following  give  at  least  an 
approximate  idea  of  this  division.*  The  loosely  combined  so-called  amid 
nitrogen  seems  to  be  entirely  absent  in  the  protamins.  In  the  gelatines  we 
find  1-2  per  cent,  and  5-10  per  cent  in  other  animal  protein  substances;  in 
the  plant  gluten-proteids  13-20  per  cent  of  the  total  nitrogen  as  amid  nitrogen. 
The  guanidine  nitrogen  may  amount  in  the  protamins  to  22-44  per  cent  of 
the  total  nitrogen,  in  the  histons  12-13  per  cent,  in  the  gelatines  about  8  per 
cent,  and  in  the  other  protein  bodies  about  2-5  per  cent.  As  basic  nitro- 
gen precipitable  by  phosphotungstic  acid  (including  the  guanidine  residue) 
we  find  63-88  per  cent  in  the  protamins,  35-42.5  per  cent  in  the  histons, 
15-25  per  cent  in  the  other  animal  protein  substances,  5-14  per  cent  in 
idn  and  the  gluten  proteid,  and  about  37  per  cent  in  the  plant  globulin. 
The  chief  quantity  of  the  nitrogen,  55-76  per  cent,  occurs,  with  the  excep- 
tion of  the  protamins,  as  the  monamino-acid  groups.  The  results  for 
the  melanoidin  nitrogen  vary  so  considerably  that  they  will  not  be  men- 
tioned. 

From  the  above  results  it  follows  that  the  nitrogen  of  most  protein 
bodies  exists  in  such  combination  that  the  chief  quantity  appears  in 
the  cleavage  products  as  amino  compounds  on  hydrolytic  cleavage  by 
acids.  By  the  action  of  nitrous  acid  upon  proteins  only  a  very  small  part, 
1-2  per  cent,  of  the  nitrogen  is  evolved,'  which  indicates  that  NH^  groups 
exist  only  to  a  slight  extent  in  these  substances.  It  is  also  generally 
admitted  that  the  amino  groups  occurring  in  the  cleavage  products  exist 
in  the  original  protein  substance  chiefly  as  imino  groups. 

The  sulphur  occurs  in  the  different  protein  bodies  in  very  dfferent 
amounts.  Certain  of  them,  such  as  the  protamins  and  apparently  also 
certain  bacterial  proteids,*  are  free  from  sulphur;  some,  such  as  gela- 
tine and  elastin,  are  very  poor  in  sulphur;  while  others,  especially  horn  sub- 
stances, are  relatively  rich  in  sulphur.  On  hydrolytic  cleavage  with  min- 
eral acids  the  sulphur  of  the  protein  substances  is  regularly,  at  least  in 
part,  split  off  as  cystin  (K.  Morner)  or,  with  bodies  poorer  in  sulphur, 

*  See  the  work  of  Hausmann,  Zeitschr.  f.  physiol.  Chem.,  27  and  29;  Henderson, 
{bid.,  27;   Kossel  and  Kutscher,  ibid.,  30;   Kutscher,  ibid.,  31,  38;   Hart,  ibid.,  33. 

*See  the  works  given  in  foot-note  1  and  Blum,  Zeitschr.  f.  physiol.  Chem.,  30; 
Kossel,  Ber.  d.  d.  chem.  Gesellsch.,  34,  3214;  Hofmeister,  Ergebnisse  der  Physiol., 
Jahrg.  I,  Abt.  1, 759,  which  also  contains  the  literature;  and  Osborne  and  Harris,  Joum. 
Amer.  Chem.  Soc.,  25. 

'See  C.  Paal,  Ber.  d.  d.  chem.  Gesellsch.,  29;  H.  Schiff,  ibid.,  1354;  O.  Loew, 
Chemiker  Zeitung,  1896;  and  O.  Nasse,  Pfliiger^s  Arch.,  6. 

*See  Nencki  and  Schaffer,  Joum.  f.  prakt.  Chem.  (N.  F.),  20,  and  M.  Nencki, 
Ber.  d.  d.  chem.  Gesellsch.,  17. 
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as  cj^tein  (Embden),  From  certain  protein  substances  a-thiolactic  acid 
{SuTER,  Fhiedmann.  Frankel),  niercaptans  (Rubner),  or  a  body  having 
an  odor  similar  to  ethyl  sulphide  (DHECHstieL)  have  been  obtained/ 

A  part  of  the  i^ulphur  separatees  as  potassium  or  sodium  sulphide  on 
boiling  with  caustic  potash  or  soda,  and  may  be  detected  by  lead  acetate 
and  quantitati%'^ely  determine  1  (Fleitmann,  D anile wsky,  Kruger,  Fr. 
ScHULZ,  OsBORXE,  Iv  MoRNER ').  What  remains  can  only  be  detected 
after  fusing  with  nitre  and  sodium  carbonate  and  testing  for  sulphates. 
The  relationship  between  the  sul]>hur  splitolT  by  alkali  and  that  not  split 
off  is  different  in  various  proteids.  No  conclu5>ions  can  be  dra^ii  from 
this  in  regard  to  the  number  of  forms  of  combinat  on  which  the  sulphur 
has  in  the  protein  molecule.  As  shown  by  K.  iloRNER,  only  about  three- 
fourtbs  of  the  sulphur  in  cystin  can  ]ye  split  off  by  alkah,  and  the  same  is 
true  for  the  cystin-yielding  complex  of  the  protein  substances.  If  the 
quantity  of  lead-blackening  sulphur  in  a  iimtein  body  be  muUiplial  by 
^^  we  obtain  the  quantity  corresponding  to  tlie  cyst  in-sulphur  in  the  body. 
By  such  calculation  Morner  found  in  certain  bodies,  such  as  horn  substance^ 
seralbumin  and  serglobulin,  that  the  quantity  of  cystin  sulpliur  and  total 
sulphur  were  identical,  and  therefore  we  have  no  rtjason  for  considering 
the  sulphur  in  these  bodies  as  existing  in  more  than  one  form  of  combina- 
tion. In  other  proteins,  such  as  fibnu<igeu  and  ovalbumin,  on  the  con- 
trar^%  only  one-half  or  one-third  of  the  *'-ulpluir  a])peared  as  cystin  sulphur* 

The  constitution  of  the  protc^in  bodies  is  still  unknown,  although  the 
great  advances  made  in  the  last  few  years  ha%'e  lirought  us  essentially 
closer  to  the  elucidation  of  the  riuestioiu  In  studying  the  coastitution  of 
the  protein  bodies  they  have  been  broken  up  in  various  ways  into  simpler 
portions,  and  the  methods  used  for  this  purpose  have  l;ecn  of  different 
kinds.  In  these  dec-ompositions  where  the  proteids  in  the  tme  sense  have 
been  used,  because  they  can  be  prepared  in  the  cr^-stalline  form,  first 
lai:ge  atomic  complexes,  proteoses,  and  peptones  are  obtained  which  still 
have  pioteid  characteristics,  and  which  then  suffer  further  deconijx*sition 
until  finally  we  obtain  simpler,  generally  cr}^talline,  or  at  least  character^ 
istic  end  products. 

On  heating  proteid  wnth  barium  hydrate  and  water  in  sealed  tubes  to 
150-25CP  C.  ScHUTZENBERGER '  obtained  a  mixture  of  products  among 
which  were  ammonia,  carbon  dioxide,  oxalic  aciih  acetic  acid,  and,  as  chief 
product,  a  mixture  of  amino  acids.      The  conclusion  he  drew  from  this 

»  K.  Msmer,  Zeitschr.  t  physiol  Chem.,  28,  34;  Embden,  ibid.,  32;  Suter,  ibid., 
20;  Friedman Q,  Ilofmeister'a  Beitriige,  3;  Ruhner,  Arch.  f.  Hygiene,  19;  Dreeh^l, 
Centralbl.  f.  PhyeioL,  10,  529;    Fmnkel,  Sitz.  Ber.  d,  Wien,  Akad..  112,  II  b,  1903. 

^  Flcitmaiinj  Annal,  tier  Chem.  und  Pharm.,  <M>;  Danilewsky,  Zeitschr.  f.  physiol. 
Chem.,  7;  Kriigor,  PiHuger's  Archi\%  43;  F.  Scbulz,  Zeitschr.  f.  phyaioL  Chem.,  25; 
Oabonte,  Connecticut  Agric.  Expt.  station  Report  1900;   Morner,  L  c. 

■  Annal,  de  Chioi,  et  Pbys.  (5),  Ifi,  and  Bull.  soc.  chim.,  23  and  2-L 
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Gqpoimait,  that  the  proteid  is  a  complex  ureid  or  oxamid,  cannot  be 
considered  for  several  reasons.^ 

On  fusing  proteids  with  caustic  alkali  we  obtain  ammonia,  methyl  mer- 

OHptan,  and  other  volatile  products;  also  leucin,  from  which  then  volatile  fatty 

acids,  such  as  acetic  acid,  valerianic  acid,  and  also  but3rric  acid  are  obtained, 

and  also  tyrosin,  from  which  latter  phenol,  indol,  and  skatol  are  produced 

As  to  the  products  prepared  by  hydrolytic  cleavage  with  mineral  acids  we 

have  a  number  of  investigations   by  various  experimenters,   especially 

HusiwETZ  and  Habermann,  Rtpthausen  and  Kreusler,  E.  Schulze 

aid  his  collaborators,  Drechsel,  Siegfried,  R.  Cohn,  Kossel  and  his 

pupils,  K.  MoRNER,  and  recently  E.  Fischer  and  his  collaborators.^    The 

chief  products  thus  obtained  are  monamino  acids,  such  as  glycocoU,  alanin, 

aminovalerianic   acid,  leucin,  serin,  tyrosin,  phenylaminopropionic  acid, 

aspartic  and  glutamic  acids,  cystein  and  its  sulphide  cystin;   the  so-called 

hexon  bases,  lysin,  arginin,  and  histidin,  of  which  the  first  two  are  diamino 

acids;  pyrrolidin  and  ox3rpyrrolidin  carbonic  acids;  sulphuretted  hydrogen, 

ethyl  sulphide,  leucinimide,  ammonia,  and  melanoidins,*  which  latter  seem 

to  be  secondary  condensation  products. 

The  proteids  can  be  split  into  a  large  number  of  bodies  by  the  proteolytic 
enzymes,  and  these  will  be  presented  later.  In  the  first  place  proteoses  and 
peptones  are  produced,  also  an  abimdance  of  monamino  acids  of  different 
kinds,  hexon  bases,  tryptophan  (proteinochromogen),  which  is  a  skatol- 
aminoacid,  and  finally  oxyphenylethylamin,  diamins,  and  a  little  ammonia 
and  other  substances. 

A  great  many  substances  are  produced  in  the  putrefaction  of  proteids. 
First  the  same  bodies  as  are  formed  in  the  decomposition  by  means  of 
proteolytic  enzymes  are  produced,  and  then  a  further  decomposition  occurs 
with  the  formation  of  a  large  number  of  bodies  belonging  in  part  to  the 
aliphatic  and  in  part  to  the  aromatic  and  heterocyclic  series.  Of  the  first 
series  we  have  ammonium  salts  of  volatile  fatty  acids,  such  as  caproic, 
valerianic,  and  butyric  acids,  also  succinic  acid,  carbon  dioxide,  methane, 
hydrogen,  sulphuretted  hydrogen,  methyl  mercaptan,  and  others.  The 
ptomaines  also  belong  to  these  products  and  are  probably  in  part  formed 
by  very  different  chemical  processes  or  even  sjTitheses. 

E.  Salkowski  divides  the  putrefactive  products  of  the  aromatic  and 
heterocyclic  series  into  three  groups:  (a)  the  phenol  group,  to  which  t>T()sin, 
the  aromatic  oxyacids,  phenol,  and  cresol  belong;  (b)  the  phenyl  group, 
including  phenylacetic  acid  and  phenylpropionic  acid;  and  lastly  (c)  the 
indol  group,  which  includes  indol,  skatol,  skatolacetic  acid,  and  skatolcar- 

*See  Habermann  and  Ehrenfeld,  Zeitschr.  f.  physiol.  Chem.,  30. 
'  In  regard  to  the  literature  see  O.  C'ohnheim,  Chemie  der  Eiweisskorper,  Braun- 
schweig, 1904,  and  F.  Hofmeister,  Ergebnisse  der  Physiologie,  1,  Abt.  I,  759,  1902. 
,     *  See  Samuely,  Hofmeister's  Beitriige,  2. 


bonic  acid.  These  various  products  are  formed  during  putrefaction  with 
access  of  air.  Nencki  and  Bovett  *  obtained  only  p-ox>^henyl propionic 
acidt  phcnylpropionic  acid,  and  skatolacetic  acid  on  the  putrefaction  of 
protcids  by  anaerobic  ^chizoniycetc^s  in  the  absexice  of  oxygen.  These 
three  acids  are  produced  by  the  action  of  nascent  h^^drogen  on  the  corre- 
sponding amino  acid,  namely,  t^nrosin,  phcnylaminopropionic  acid,  and 
skatobrninoacetic  acid^  and  these  threc^  kist-nicntiontxi  amino  acids  exist| 
according  to  Nencki,  preformcfl  in  the  proteid  molecule. 

By  the  moderate  action  of  chlorine,  bromine,  or  iodine  upon  proteids 
these  halogens  enter  in  more  or  less  finn  Ixmdage  with  tfie  molecule  (Loew, 
Blum,  Blum  and  Vaubel,  Liebrecht,  Hupkins  and  Brook»  Hoi-^meister, 
KuiUJEFF  and  others),  and  according  to  the  method  of  procedure  we  can 
prepare  derivatives  having  various  but  constant  amounts  of  halogens  (Hop- 
kins and  PiNKUs).  The  proteids  are  so  changed  that  they  do  not  split  off 
sulphur  on  treatment  with  alkali,  nnr  do  they  respond  to  Millox's  reaction, 
nor  do  they  yield  tyrosin  as  a  cleavage  product,  llus  is  ordinarily  ex- 
plained by  the  supposition  that  a  substitution  of  hydrogen  by  iodine  takes 
place  in  the  aromatic  tyrosin  nucleus;  but  according  to  Oswald  the  hctero- 
proteoses,  which  yield  onh^  very  little  t^Tosin,  take  up  about  the  same 
quantity  of  iodine  as  the  protoproteoses,  which  yiekl  considerable  tyrosin. 
It  seems  as  if  the  iodine  wras  unite4l  to  other  groups  besides  the  t\Tosin- 
yielding  atomic  eomplex.  By  the  action  of  iodine  an  oxitiation  also  oecurs, 
and  Schmidt  '  has  showoi  that  a  continuous  splitting  i>ff  of  amino  groups 
takes  i)lace.  Aceording  to  him  phenol  and  pcresol,  cleavage  products  of 
t>Tosin,  besides  benzoic  acitl^  are  produced  by  the  oxidation  of  phenylaniino- 
propionic  acid. 

By  the  oxidation  of  proteid  by  means  of  potassium  permanganate  Ma ly'  ob- 
tained an  acid,  oxt/protoftvlpfumic  odtl,  V  51*21,  H  6.89,  N  14.59,  S  1.77,  O  25.54 
per  cent,  which  is  not  a  cbavage  produrt,  hut  nn  oxidation  product  in  which  the 
group  SH  is  changed  into  SiX-OH,  This  acid  doe.'?  not  give  the  proper  color  reac- 
ti<m  with  Millon's  reagt^nt,  yields  no  tyrosin  or  indol,  but  pves  ben^tene  on 
fusing  with  alkali.  On  continuous  oxidation  Malv  obtained  another  acid,  /jer- 
lyproUic  add,  which  gives  the  biuret  react  if  »n,  but  is  not  precipitated  by  most 
oteid  precipitaiits.  The  ojnwroicin  obtained  by  JSchulz  *  on  the  oxidation 
""of  proteid  by  hydrogen   peroxide  is  closely  related    to  ox%*protosuliilionie   acid 

^Salkowski,  Zeitschr.  f.  physiol.  Chem.,  12,  215*  and  27,  302;  Nencki  md  Bovet» 
Monatshefte  f.  Cbem.,  10. 

*Loew,  Journ.  f,  prakt,  Chem,  (N.  R),  SI;  Blum,  Munch,  med.  Wochenschr , 
1896;  Bhim  and  Vaubel.  Journ,  f.  prakt,  Chem,  (N.  F.),  57;  Liehrrchl,  Ber.  d.  dentsch 
chem.  GeaelLsch,  30;  Hopkins  and  Brook,  Joum.  of  Physiol,  22;  Hopkins  and  Pin- 
kus,  Ber.  d.  dcntsch.  chem.  GeseUsch, ,  31;  Hofmcister,  Zcitschr.  f.  physiol  Chem,, 
24;  Ktirajeff,  iWt/..  20;  Oswald,  Hofmeistcr's  Beitruge,  3;  C.  H,  L.  Schmidt,  Zeit^chr. 
f.  physiol  rhcm..  35,  30,  37. 

"  Sitzungaber.  d.  k.  Akad.  d.  Wiasensch.  Wien,  91  and  97,  Also  ilonatshefte  T 
Chem..  0  and  1^.  Bee  also  Bondzynaki  and  Zoja,  2^its€hr.  f.  phystol  Cbem.,  19; 
Bemert,  iind.,  20, 

*Zeitschr.  f,  physiol.  Chem.,  29. 


CARBOHYDRATE  GROUP  IN  THE  PROTEINS.  23 

in  composition  and  general  characteristics,  but  contains  lead-blackening  sulphur 
and  gives  Millon's  reaction.  The  oxyprotein  is  claimed  to  be  a  pure  oxida- 
tion product,  while  in  the  production  of  oxyprotosulphonic  acid  Schulz  claims 
l^t  a  cleavage  takes  place.  On  the  oxidation  of  gelatine  by  ferrous  sulphate 
and  hydrogen  peroxide  Blumenthal  and  Neuberq  ^  have  obtained  acetone  as  a 
product.  JoLLEs'  claims  to  have  obtained  large  quantities  of  urea  in  the  oxida- 
tion of  various  proteids  by  potassium  permanganate  in  acid  solution,  but  this 
has  been  disputcKl  by  other  investigators.  On  the  oxidation  of  proteid  in  acid 
liquids  volatile  fatty  acids,  their  aldehydes,  nitriles  and  ketones,  also  hydrocy- 
anic acid,  benzoic  acid,  and  other  bodies,  have  been  obtained. 

Nitric  acid  gives  various  nitro  products.  A  melanoidin  substance,  xantho^ 
mdanin,  has  l^n  obtained  by  v.  FtJRTH.'  Habermann  and  Ehrenfeld* 
also  obtained  oxyglutaric  acid  among  other  products.  By  the  action  of  bromine 
under  strong  pressure  a  number  of  products  have  been  obtained:  bromanil  and 
tribromacetic  acid,  bromoform,  leucinimid,  leucin,  oxalic  acid,  tribromamino- 
benzoic  acid,  and  other  bodies.  With  aqua  regia,  fumaric  acid,  oxalic  acid,  chor- 
azol,  and  other  bodies  are  obtained.  The  recent  investigations  of  Habermann  and 
Ehrenfeld  and  Panzer  '  upon  the  action  of  chlorine  upon  proteids  and  closely 
related  products  are  important. 

By  the  dry  distillation  of  proteids  we  obtain  a  large  number  of  decomposition 
products  having  a  disagreeable  burnt  odor,  and  a  porous  glistening  mass  of  carbon- 
containing  nitrogen  is  left  as  a  residue.  The  products  of  distiUation  are  partly 
an  alkaline  liquid  which  contains  ammonium  carbonate  and  acetate,  ammonium 
sulphide,  ammonium  cyanide,  an  inflammable  oil  and  other  bodies,  and  a  brown 
oil  which  contains  hydrocarbons,  nitrogenized  bases  belonging  to  the  aniline  and 
pyridine  series,  and  a  number  of  unknown  substances. 

The  occurrence  of  protein  substances  which  contain  a  carbohydrate 
group  in  a  glucoside-like  combination  has  been  known  for  some  time. 
The  nature  of  this  carbohydrate,  which  can  be  split  oflF  by  acid  and  which 
may  amount  to  as  much  as  35  per  cent,  has  been  explained  chiefly  by  the 
investigations  of  Friedrich  Muller  •  and  his  students.  They  have  shown 
that  it  is  always  an  amino  sugar  and  generally  glucosamine.  That  also 
so-called  true  proteids  yield  a  carbohydrate  on  hydrolytic  cleavage  was 
first  shown  by  Pavy,  using  ovalbumin.  The  continued  investigations 
of  Fr.  Muller,  Weydemann,  Sep:mann,  Frankel,  Hofmeister,  and 
Lan'Gstein  '  have  demonstrated  that  in  these  cases  the  carbohydrate  is  also 
glucosamine.  A  carbohydrate  complex,  although  sometimes  only  to  a  very 
slight  amount,  has  also  been  detected  in  other  proteids,  ovoglobulin,  serglob- 
ulin,  seralbumin,  pea-globulin,  albumin  of  the  gramineje,  yolk-pro teid,  and 
fibrin.     In  other  proteids,  on  the  contrary,  such  as  edestin  (of  the  hemp- 

*  Deutsch.  med.  Wochenschr.,  1901. 

'  Zeitschr.  f.  physiol.  Chem.,  32  and  38. 
'See  Maly's  Jahresber.,  30,  24. 

*  Zeitschr.  f.  physiol.  Chem.,  35. 

'Habermann  and  Ehrenfeld,  Zeitschr.  f.  physiol.  Chem.,  32;  Panzer,  ibid.,  3S 
and  31 

*  Muller,  Sitzber.  d.  Ges.  d.  Naturw.  zu  Marburg,  1896  and  1898,  and  Zeitschr.  f. 
Biologie,  42. 

'  In  regard  to  the  literature  on  this  subject  see  the  work  of  Fr.  Muller,  Zeitschr. 
f.  Biologie,  42,  and  Langstein,  Ergebnisse  der  Physiologie,  Jahrg.  I,  Abt.  1,  63. 
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seed)  and  casein,  myosin,  pure  fibrmogen,  and  ovovitellin^  carbohydrates 
have  been  sought  for  with  negative  results.*  All  proteids  hence  do  not 
contiiin  a  carbohydrate  gmup,  and  future  investigators  must  therefore 
decifle  whether  the  carlxi hydra t^?  groups  belong  pasitively  to  the  proteid 
complex  or  whether  they  are  only  united  with  the  pniteid  as  impurities. 
Several  observatioiLs  '  show  that  in  working  with  crystalline  pmteids  a 
contamination  with  other  |>n>tcin  substances  is  uufnrtunately  not  excluded, 
and  this  must  not  be  lost  sight  of,  especially  as  the  quantity  of  carbohy- 
drates obtained,  is  often  very  smalL  In  the  present  state  of  our  knowl- 
edge we  are  not  warranted  in  considering  the  carbohydrate  gn»ups  as 
belonging  to  the  carbon  nucleus  produced  on  the  d^truction  of  the  real 
proteid  complex. 

The  prc^'iously  mentioned  methods  used  in  studying  the  stnicture 
of  the  protein  substances  are  not  of  the  same  value,  but  they  in  part 
substantiate  each  other.  Of  these  we  must  mention  the  hydrolysis  by 
means  of  b<jiling,  dUute  mineral  acids,  or  by  proteolytic  enzymes,  as  the 
best  methods  for  obtaining  the  carbon  nuclei  in  the  protein  molecule* 
The  most  important  of  the  carbon  nuclei  obtained  are  as  follows: 
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I,  The  Nuclei  belonging  to  the  Aliphatic  Series. 

A.  Sitlphur  free  J  hut  containing  nitrogen:  L  A  guanidine  residue  (combined 
with  ornithin  as  argitiin).  2.  MonohoAic  monamino  acifh:  Glycoroll  (aminoarolic 
acid),  alaniti  (amiuopropionic  acid),  a  mi  ao  valerianic  acid,  IcuHu  (isobutylamino- 
acotie  acid),  serin  (Dxyartnnopro|Horii(;  acid).  3.  Bihasie  mojiamitto  acidi<r 
Aspartie  acid  (auiinosuctiinic  arid)  and  glutamic  acid  (aminoglutaric  acid). 
4.  Motwha^nc  diamitit)  arid^:  Diaraiooacctic  add  (?),  ornithin  (diaminovalprianic 
arid}  and  lysin  (diaminocapmic  acid).  In  this  group  ue  also  include  histidin^ 
which  scerus  to  Ix;  an  aminararbonif  acid  of  a  pyrimidinc  derivative. 

B.  Sulphurized:  Cystcin  (aminothiolactic  ne'ul)  and  its  sid[ihide  cystin  (diam- 
inodithiodilat-tylic  at-id),  thiohictic  at^id,  niercaptaiis,  wtid  ethyl  sulphide, 

XL  The  Nuclei  belonging  to  the  Carbocjclic  Series. 
Phenylaminoprojiionic  acid  and  tyrosin. 

II L   The   Nuclei  belonging  to  the  Heterocyclic  Series. 

A,  Of  the  ptjrrol  group:  Pyrrolidiii  carboidc  acid  and  oxypyrrolidin  carbonic 
acid. 

W,  Of  the  iminl  group:  Tryptophan,  or  skatolaminoacetic  acid  (skatol* 
acetic  acid^  skatolcarbonit:  acid,  indob  and  skatol  in  putrefaction).' 

In  regard  Uy  these  carlxin  nuclei  it  must  be  remarked  that  they  are- 
not  all  found  in  every  protein  body  thus  far  invej^ti gated,  and  also  that 
the  one  and  the  same  cleavage  product,  such,  for  example*  as  glycocoll^ 
leucin,  tyTosin  or  cystin,  is  obtained  in  very  variable  amounts  from  differ- 
ent protein  tiubsiances.  It  is  very  difficult  to  say  to  what  extent  all 
the  above-mentioned  carbon  nuclei  exist  in  the  protein  molecule.      Still 

*  See  foot-note  7,  paffp  23, 

'See  Wichinann,  Xeitselir.  t  physiol.  Chera.,  23,  aiid  N.  8chuli£,  Die  Grosse  des 
Eiweisamolekiils,  Jena,  19<")3,  51. 

*  Arcordinp^  to  certain  observations  a  pyridine  nucleus  also  exists  in  the  protdd. 
Bee  Loew,  Jouru.  f.  prakt.  Chem.,  31;  Smnudy,  IIofmeister*s  Beitrage,  2. 
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the  fact  is  not  excluded  that  in  the  hydrolysis  certain  carbon  nuclei  may 
be  secondarily  formed  from  others.  We  cannot  exclude  the  possibility, 
as  suggested  by  Loew/  that  in  the  hydrolysis  a  marked  atomic  displace- 
ment perhaps  occurs  before  cleavage,  and  for  this  reason  two  carbon  nuclei,, 
such  as  leucin  and  lysin  or  tyrosin  and  phenylalanin,  may  be  produced 
from  the  same  atomic  groupings,  each  according  to  the  nature  of  the 
neighboring  groups. 

Even  if  we  admit  the  above,  still  it  is  undoubtedly  true  that  the 
chief  cleavage  products  of  the  protein  substances  are  amino  acids.  As 
HoFMEiSTER,^  from  chemical  considerations,  has  explained,  we  can  also 
consider  the  proteids  as  chiefly  formed  by  condensation  of  amino  acids 
where  the  amino  acids  are  united  to  each  other  by  means  of  imino 
groups  according  to  the  following  scheme: 

-NH.CH.CO— XH.CH.CO NH.CH.CO— NH.CH.CO— 

II  I  i 

C,H,  CH,.CeH,(OH)    CH,.COOH    C,He.CH,.NH, 

(Leucin)  (Tyrosin)  (Aspartio  acid)  (Lyain) 

Closely  connected  with  the  above  is  the  question  as  to  how  far  is  it 
possible  to  prepare  proteid-like  substances  synthetically.  In  this  con- 
nection we  must  mention  that  Grimaux  and  then  also  SchCtzenberger 
and  Pickering  have  been  able  to  prepare  substances  which  in  many  prop- 
erties are  similar  to  the  proteids  from  various  amino  acids  either  alone 
or  mixed  with  other  bodies  such  as  biuret,  alloxan,  xanthine,  or  ammo- 
nia. Of  much  greater  interest  is  the  chaining  together  of  amino  acids, 
as  performed  by  Curtius  and  especially  by  E.  Fischer.'  This  last  inves- 
tigator has  succeeded  in  preparing  complex  bodies  calleil  by  him  di-  or 
polypeptides  by  uniting  two  or  more  amino  acid  groups.  For  example, 
glycylglycin  and  glycylalanin  anhydride  are  dijx^ptides.  As  an  example 
of  the  polypeptides  we  must  mention  the  carbethoxyldiglycylleucin  ester 
and  the  carbethoxyltriglycylglyein  ester,  in  which  4  glycin  molecules  are 
united  in  anhydride  form.  Several  of  these  synthetically  prepared  bodies 
give  the  biuret  reaction,  and  they  may  be  considered  as  the  beginning  of  a 
proteid  synthesis. 

It  is  at  present  impossible  to  decide  on  a  proper  classification  of  the  protein 
substances.  A  grouping  based  upon  their  chemical  constitution  is  not  pos- 
sible, and  their  general  properties,  solubilities,  and  precipitation  properties 

*  Loew,  Die  chem.  Energie  d.  lebenden  Zellen,  Miinchen,  1898,  aiid  Hof meister 's 
Beitnige,  1. 

*  **  Uber  den  Bau  des  Eiweissmolekiils."  Gesellsch.  Deutsch.  Naturforscher  und 
Artze,  Verhandl.  1902,  and  Erge!)nisse  dcr  Physiologic,  Jahrg.  I,  Abt.  1,  759. 

'  See  Pickering,  King's  College,  London,  Physiol.  Lab.  Collect.  Papers,  1897,  which 
also  cites  Grimaux 's  work;  also  Joum.  of  Physiol.,  18,  and  Proceed.  Roy.  Soc,  60, 
1897;  Schutzenberger,  Compt.  rend.,  106  and  112;  Curtius,  Joum.  f.  prakt.  Chem., 
26;  E.  Fischer,  Ber.  d.  d.  chem.  Gesellsch.,  3o  and  36. 
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are  too  uncertain  to  aid  us  in  this  connection.  On  the  other  hand  a  classifi- 
cation is  important,  and  we  cannot  do  without  one,  so  we  will  give  the  follow- 
ing systematic  simimary  of  the  chief  groups  of  the  protein  bodies  as  suggested 
by  Hoppe-Seyler  and  Drechsel,  which  will  be  of  some  aid  to  us. 


I.  Simple  Proteids  or  Albuminous  Bodies. 
Albumins 


j  Seralbumin, 

\  Ldctalbumin,  and  others. 


Globulins 

Nudeoalbumins, 


Fibrinogen, 
Myosin, 

Serglobuiins,  and  others. 
j  Casein^ 

( Ovovitellin,  and  others. 
. --       .  j  Add  albuminate, 

( Alkali  albuminate. 
Proteoses  (and  Peptones). 

Coagulated  Proteids ....  -1  -r^      . ',  ,      1 1    «  «     i 

^*  (  Proteids  coagulated  by  heat,  and  otheis. 

(Protamins  and  Histons). 

n.  Compound  Proteids. 

Hemoglobins. 

{Miudns  and  Mudnoids, 
Amyloid, 
Ichthulin,  and  others. 
—    -  .  -  j  NudeokisUm, 

( Cytoglobin,  and  others. 

III.  Albumoids  or  Albuminoids. 

Keratins. 

Elastin. 

Collagen. 

Reticulin. 

(Fibroin,  Sericin,  Comein,  Spongin,  Conchiolin,  Byssus,  and  others.) 
To  this  summary  must  be  added  that  we  often  find  in  the  investigations 
of  animal  fluids  and  tissues  protein  substances  which  do  not  coincide  with 
the  above  scheme,  or  do  so  only  with  difficulty.  At  the  same  time  it  must 
be  remarked  that  bodies  will  be  found  which  seem  to  rank  between  the 
different  groups,  hence  it  is  very  difficult  to  sharply  divide  these  groups. 

I.  Simple  Proteids  or  Albuminous  Bodies. 

The  simple  proteids  are  never-failing  constituents  of  the  animal  and 
vegetable  organisms.  They  are  especially  found  in  the  animal  body,  where 
ihey  form  the  solid  constituents  of  the  muscles,  and  the  blood-serum,  and 
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ihey  are  so  generally  distributed  that  there  are  only  a  few  animal  secre- 
tions and  excretions,  such  as  the  tears,  perspiration,  and  perhaps  urine, 
in  which  they  are  entirely  absent  or  only  occur  as  traces. 

All  proteids  contain  carbon,  hydrogen^  nitrogen,  oxygen,  and  sulphur;^ 
a  few  contain  also  phosphorus.  Iron  is  generally  found  in  traces  in  their 
ash,  and  it  seems  to  be  a  regular  constituent  of  a  certain  group  of  the 
albuminous  bodies,  namely,  the  nucleoalbumins.  The  composition  of 
the  different  albuminous  bodies  varies  a  little,  but  the  variations  are  within 
iMvely  close  limits.  For  the  better  studied  animal  proteids  the  follow- 
ing composition  of  the  ash-free  substance  has  been  given: 

C 50.6  —54.5    per  cent. 

H 6.5  —  7.3  '' 

N 15.0  —17.6 

S 0.3  —  2.2 

P 0.42—  0.85         " 

0 21 .50— 23.50 

The  animal  proteids  are  odorless,  tasteless,  and  ordinarily  amorphous. 
The  cn'stalloid  spherules  (DoUerpldttchen)  occurring  in  the  eggs  of  certain 
fishes  and  amphibians  do  not  consist  of  pure  proteids,  but  of  proteids 
containing  large  amounts  of  lecithin,  which  seem  to  be  combined  with 
mineral    substances.    Crystalline  proteids  *  have  been  prepared  from  the 
seeds  of  various  plants,  and  lately  crystallized  animal  proteids  (see  seral- 
bumin and  ovalbumin.  Chapters  VI  and  XIII)  have  also  been  prepared. 
In  the  dr}^  condition  the  proteids  appear  as  white  powders,  or  when  in 
thin  layers  as  yellowish,  hard,   transparent  plates.     A  few   are  soluble 
in  water,  others  only  soluble  in  salt  or  faintly  alkaline  or  acid  solutions, 
while  others  are  insoluble  in  these  solvents.     All  proteids  when  burnt 
leave  an  ash,  and  it  is  therefore  questionable  whether  there  exists  any 
proteid  body  which  is  soluble  in  water  without  the  aid  of  mineral  sub- 
stances.    Nevertheless  it  has  not  been  thus  far  successfully  proved  that 
a  native  proteid  body  can  be  prepared  perfectly  free  from  mineral  sub- 
stances without  changing  its  constitution  or  its  properties.^ 

The  proteids  do  not  diffuse  through  animal  membranes  or  do  so  only 
to  a  very  slight  extent,  and  hence  have  in  most  cases  a  pronounced  col- 
loidal nature  in  Graham's  sense.  As  colloids  they  can,  like  other  pro- 
tem  substances,  to  a  more  or  less  degree,  prevent  the  {precipitation  of  a 

*  See  foot-note  4,  page  19. 

»See  Maschke,  Journ.  f.  prakt.  Chem.,  74;  Drechscl,  l^id.  (N.  F.),  19;  Gnibler, 
Hfid.  (N.  F.),  23;  Ritthausen,  ibid.  (N.  F.),  2o;  Schmiedeberg,  Zcitschr.  f.  physioL 
Oiem.,  1;  Weyl,  ibid.,  1. 

"  See  E.  Hamack,  Ber.  d.  d.  cbem.  Gesellsch.,  22,  23,  25,  and  31 ;  Werigo,  Tfluger's 
Arehiv,  48;  Bulow,  ibid,,  58;  Schulz,  Die  Grosse  des  Eiweissmolekiils,  Jena,  1903. 
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colloidal  metallic  solution  {gold  solution)  by  meaas  of  an  electrolyte  (see 
gold  ec[iiivalent  accordiag  to  Zsigmoxdy  and  Schulz).^  Hie  proteids 
are  optically  active  and  rotate  the  plane  of  polarization  to  the  left. 

Although  certain  of  the  proteids,  i.e*  casein,  have  an  acid  character, 
others  on  the  contrarj%  like  the  histons,  have  a  more  pronounced  basic 
character;  still  the  prot^ids  may  be  considered  as  amphoteric  electrolytes, 
i.e.  they  may  functionate  as  weak  acids  iis  well  as  weak  bases,  and  the}' 
yield  salts  which  are  strongly  hydrolytically  dissociated.  The  acid-com- 
bininp^  ]>ower  of  various  proteids  is  different  and  the  maximum  acid-com- 
bining i>o\ver  may  perhaps  also  be  use<l  in  the  diffexentiation  of  tlie  vari- 
ons  proteids  (Cohxueim,  Eun,  and  others). 

The  iiold -combining  power  of  the  proteids  has  l^een  studied  arcording  to 
physical  met  hods  by  SJOQrisT,  Bi:gar-iKY,  and  LIEDEa^JANN  and  by  rhemical 
method'^  by  Hpiro  and  Pemsel,  Eru,  Cohnheim  and  Krieoer,  v.  Hhorer, 
The  methoda  pursued  by  Cuhmhf:im  and  Krikoer  consisted  in  preeipitatmg 
the  proteid  from  acid  sijlution  (IlCl)  with  an  tilkaloid  reagent  fealrjum  phos- 
pliotungstjite).  The  reaction  took  ]>lace  as  follow^!:  proteid  hydroehloride-h 
calciTim  phosphotung9tate=- proteid  phosphotungstate -f  calcium  t-hloride.  The 
acid  remaining  in  the  filtrate  wns  determinedt  and  when  this  quantity  was  sub- 
tracted from  the  known  original  amount  in  the  proteid  solution,  the  difference 
represented  the  acid  combined  with  the  proteid.  If  sodium  picrale  or  piot^is^iium- 
mereuric  ioejide  is  used  instead  of  the  phosphotungstate  we  have,  according  to 
V.  KnoRER,'  a  method  which  is  the  bci^t  of  all  heretofore  suggested. 

The  proteids  can  be  salted  out  from  their  neutral  solution  by  neutral 
salts  (NaCl^  NajSO^,  MgSO^,  (XHJ^SO^,  and  many  others)  in  sufficient 
concentrations.  Wliile  by  other  precipitants  they  are  often  changed  or 
modified,  their  properties  remain  unchangal  on  salting  out  and  the  proc- 
ess is  reversible,  a,s  on  diminishing  the  concentration  of  the  salt  the  pre- 
cipitate redissolves.  The  various  proteids  act  essentially  different  tow^ards 
the  same  salt,  wdiich  is  of  the  greatest  importance  in  the  separation  of 
the  proteids.'  For  one  and  the  same  proteid  the  behavior  tow^ard^j  differ- 
ent neutral  salts  is  different,  as  some  cause  a  precipitate,  while  others 
on  the  contrary-  do  not  precipitate. 

According  to  Pauli  *  tlais  can  be  explained  by  the  fact  that  we  have  to  do 
w*ith  ion  jiclion  and  that  the  precijiitjition  action  is  the  algebraic  sum  of  the  antago- 
nistie  projx^rties.  If  we  a-seril>e  the  |irceii>itating  artu>n  to  the  rations  and  a 
retarding  actum  upon  j^reeipitation  to  the  anions,  then,  according  as  a  salt  haa 
the  fKisitive  rations  or  the  negative  anions  in  excess,  w^e  obtain  a  precipitatioa 
action  or  not  or  it  is  aecelerated  or  retarded. 

Those  protei<ls  which  occur,  according  to  the  cominon  views,  preformed  in 
th:-  animal  fluids  and  tis-^ues  and  which  have  l^een  isolated  from  these  by     , 

^  Hofnieisttjr's  Bcitnige,  3. 

*  Pfliigcr's  Arch.,  JM).     In  regard  to  the  Hterature  on  thb  subject  see  Cohnhdm,      I 
Chcmie  dor  Eiwpisskrjrf>er,  pages  22  arA  27. 

*  Sec  Cohnheim,  I,  c,,  pnge  21 ;  Pinkus,  Joum,  of  Physiol,  2?;  Pauli,  Hofmeister'a 
Ikitnige,  .'{,  225;  Spim,  Hofnclstor'a  Beitrlge,  4» 

*  Pauli,  HofiTieiBt«r's  Beitrage,  3. 
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indifferent  chemical  means  without  loosing  their  original  properties  are 
called  native  proteids.  New  modifications  having  other  properties  can 
be  obtained  from  the  native  proteids  by  heating,  by  the  action  of  various 
chemi(»I  reagents  such  as  acids,  alkalies,  alcohol,  and  others,  as  well  as  by 
proteolytic  enzymes.  These  new  proteids  are  called  modified  (**  denatnr 
rierk^)  proteids j  to  dififerentiate  them  from  the  native,  proteids.  In  the 
scheme  given  on  page  26  the  albumins,  globulins,  and  nucleoalbumins 
belong  to  the  native  proteids  and  the  acid  *or  alkali  albuminates,  the  pro- 
teoses, the  peptones,  and  the  coagulated  proteid  to  the  modified  proteids. 

On  heating  a  solution  of  a  native  proteid  it  is  modified  at  various 
temperatures,  depending  upon  the  different  proteid  present.  With  proper 
reaction  and  other  favorable  conditions,  for  instance  in  the  presence  of 
neutral  salts,  most  proteids  can  in  this  way  be  precipitated  in  a  solid  form 
as  coagulated  proteid.  The  various  temperatures  at  which  a  coagula- 
tion of  different  proteids  occurs  in  neutral  solutions  containing  salt,  have 
in  many  cases  given  us  good  means  for  detecting  and  separating  several 
proteids.  The  views  in  regard  to  the  use  of  these  means  are  somewhat 
divided.* 

A  modification  can  be  brought  about  also  by  the  action  of  acids,  alka- 
lies, or  salts  of  the  heavy  metals,  in  certain  cases  by  water  alone,  also  by 
the  action  of  alcohol,  chloroform,^  and  ether  and  by  violent  shaking,  etc. 
The  general  reactions  for  the  proteids  are  very  numerous,  but  only  the 
most  important  will  be  given  here.  To  facilitate  the  study  of  these  they 
have  been  divided  into  the  two  following  groups: 

A.  Precipitation  Reactions  of  the  Proteid  Bodies. 

1.  Coagvlaiion  Test.  An  alkaline  proteid  solution  does  not  coagulate 
on  boiling,  a  neutral  solution  only  partly  and  incompletely,  and  the  reaction 
must  therefore  be  acid  for  coagulation.  The  neutral  liquid  is  first  boiled 
and  then  the  proper  amount  of  acid  added  carefully.  A  flocculent  precipi- 
tate is  formed,  and  if  properly  done  the  filtrate  should  be  water-clear.  If 
dilute  acetic  acid  be  used  for  this  test,  the  liquid  must  first  be  boiled  and 
then  1,  2,  or  3  drops  of  acid  added  to  each  10-15  c.c,  depending  on  the 
amount  of  proteid  present,  and  boiled  before  the  addition  of  each  drop.  K 
dilute  nitric  acid  be  used,  then  to  10-15  c.c.  of  the  previously  boiled  liquid 

*  See  Halliburton,  Joum.  of  Physiol.,  5  and  11;  Corin  and  Berard,  Bull,  de  TAcad. 
roy.  de  Belg.,  lo;  Hay  craft  and  Duggan,  Brit,  Med.  Joum.,  1890,  and  Proc.  Roy. 
See.  Edin.,  1889;  Corin  and  Ansiaux,  Bull,  de  I'Acad.  roy.  de  Belg.,  21;  L.  Frddericq, 
Centralbl.  f.  Physiol.,  3;  Haycraft,  ibid.,  4;  Hewlett,  Joum.  of  Physiol.,  13;  Duclaux, 
Annal.  Institut  Pasteur,  7.  In  regard  to  the  relationship  of  the  neutral  salts  to  the 
heat  coagulation  of  albumins  see*  also  Starke,  Sitzungsber.  d.  Gesellsch.  f.  Morph.  u. 
Physiol,  in  Miinchen,  1897;   Pauli,  Pfluger's  Arch.,  78. 

'See  Salkowski,  Zeitschr.  f.  physiol.  Chem.,  31;  Fr.  Kriiger,  Zeitschr.  f.  Biolope, 
41;  I^oew  and  Aso,  Bull.  Coll.  Agric.  Tokio,  4. 


30 


THB  PROTEIN  SUBSTANCES. 


15-20  drops  of  the  acid  must  he  added.  If  too  little  nitric  acid  be  added,  a 
soluble  comhioation  of  the  acid  and  pmteid  Is  formetl,  w!iich  is  precipitated 
by  more  acid,  A  proteid  solution  containing  a  small  amount  of  salts  must 
first  be  treat^I  with  about  1  per  cent  NaCI,  since  the  heating  test  may  fail, 
especially  on  using  acetic  acid,  in  the  presence  of  only  a  slight  amoimt  of 
proteid.  2.  Behaimr  towards  Mineral  Acids  at  Ordimxnj  Temperaiures, 
The  proteids  are  precipitated  by  the  three  ordinary  mineral  acids  and  by 
metaphosphoric  acid,  but  not  by  ortliophosphoric  acid.  If  nitric  acid  be 
placed  in  a  test-liibe  and  the  proteid  solution  be  allowcf!  to  flow  gently 
thereon,  a  white  opaque  ruig  of  precipitated  proteid  will  form  where  the 
two  liquids  meet  (Hellee's  albumin  test).  3.  Precipitalwn  by  Metallic 
Salts.  Copper  sulphate,  neutral  and  basic  leatl  acetate  (in  small  amounts)^ 
mercuric  chloride,  and  other  salts  precipitate  proteid*  On  this  is  based  the 
use  of  proteids  as  antidotes  in  poi'^oning  by  metallic  salts.  4.  PrecipHaiion 
hj  Ferro*  or  Ferrieyanide  of  Polassium  in  Acdk-acid  Soluti<m,  In  these 
tests  the  relative  quantities  of  reagent,  proteid,  or  acid  do  not  interfere  with 
the  delicacy  of  the  test.  5.  Predpitalion  by  Neutral  Salts,  such  as  Na^SO^ 
or  NaCl,  when  added  to  saturation  to  the  hquid  acidified  vtnth  acetic  acid 
or  hydrocliloric  acid.  6.  Precipiiaiiofi  by  AIcokoL  The  solution  must  not 
be  alkaline,  but  must  be  either  neutral  or  faintly  acid.  It  must,  at  the 
same  time,  contain  a  sufficient  quantity  of  neutral  salts.  7.  Prcdpitaiion 
by  Tannic  Acid  in  acetic-acid  solutions.  The  absence  of  neutral  salts  or  the 
presence  of  free  mineral  acids  may  prevent  the  appearance  of  the  precipitate, 
but  after  the  addition  of  a  sufficient  quantity  of  so<lium  acetate  the  precipi- 
tate will  in  both  cases  appear.  8.  Precipitalion  by  Plwsphotiingstic  or 
Phospkomolybdi€  Adds  in  the  presence  of  free  mineral  acids.  Potassiym' 
mercuric  iodide  and  potass ium-bimnuih  iodide  precipitate  proteid  solutions 
acitlifie<.l  with  hydrochloric  acid.  9.  Precipitation  by  Picric  Acid  in  solu- 
tions acidified  by  organic  acids.  10.  Prccipitatiiyn  by  Trichloracetic  Add 
in  2-5  per  cent  solutions,  and  U^  by  Saliajlsidphonic  Acid,  Tlie  proteids  are 
precipitated  by  nucleic  acid,  taurocholic  and  chondroitin-sulphuric  acid  in 
acid  solutions. 


B,  Color  Reactions  for  Proteid  Bodies, 

1.  Mtllon*s  Reacti&n.^  A  solution  of  mercury  in  nitric  acid  containing 
some  nitrous  acid  gives  a  precipitate  with  proteid  solutions  which  at  the 
ordinar}^  temperature  is  slowly,  but  at  the  boiling-point  more  quickly^ 
colored  red;  and  the  solution  may  also  be  colored  a  feeble  or  bright 
red.    Solid  albuminous  bodies,  w%en  treated  by  this  reagent,  give  the  same 

'  The  reagent  is  obtained  in  the  following  way ;  1  pt.  mercury  is  dissolved  in  2  pts. 
nitric  acid  (of  sp.  gr,  1.42),  first  cold  and  then  warmed.  After  complete  solution  of 
the  mercury  add  1  volume  of  the  solution  to  2  volumes  of  water.  Allow  this  to  stand 
a  few  hours  and  decant  the  supernatant  liquid. 
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coloration.    This  reaction,  which  depends  on  the  presence  of  the  aromatic 
group  in  the  proteid,  is  also  given  by  tyrosin  and  other  monohydroxyl 
beoiene  derivatives.     According  to  O.  Nasse  *  it  is  best  to  use  a  solution 
of  mercuric  acetate  which  is  treated  with  a  few  drops  of  a  1  per  cent 
solution  of  potassium  or  sodium  nitrite;   previous  to  use   a  few  drops 
of  acetic  acid  are  added.     2.  Xanthoproteic  Reaction,    With  strong  nitric 
add  the  albuminous  bodies  give,  on   heating   to   boiling,  yellow  flakes 
or  a  yellow  solution.    After  saturating  with  ammonia  or  alkalies  the  color 
becomes  orange-yellow.    3.  Adamkiewicz's  Reaction.    If   a  little   proteid 
is  added  to  a  mixture  of  1  vol.  concentrated  sulphuric  acid  and  2  vols, 
glacial  acetic  acid  a  reddish-violet  color  is  obtained  slowly  at  ordinary  tem- 
peratures, but  more  quickly  on  heating.    According  to  Hopkins  and  Cole  * 
this  reaction  only  takes  place  in  using  glacial  acetic  acid  containing  gly- 
ox}'lic  acid.    According  to  them  it  is  better  to  use  a  solution  of  glyoxylic 
acid.    A  dilute  aqueous  solution  of  the  acid  or  some  of  the  solid  acid  is 
added  to  the  proteid  solution  and  sulphuric  acid  allowed  to  flow  down  the 
side  of  the  test-tube,  when  the  reddish-violet  color  will  appear  at  the  point  of 
contact  of  the  two  liquids.    Gelatine  does  not  give  this  reaction.    4.  Biuret 
test.    If  a  proteid  solution  be  first  treated  with  caustic  potash  or  soda 
and  then  a  dilute  copper  sulphate  solution  be  added  drop  by  drop,  first 
a  reddish,  then  a  reddish-violet,  and  lastly  a  violet-blue  color  is  obtained. 
5.  Proteids  are  soluble  on  heating  with  concentrated  hydrochloric  add,  pro- 
ducing a  violet  color,  and  when  they  are  previously  boiled  with  alcohol 
and  then  washed  with  ether  (Lieberm.aj^n  ')  they  give  a  beautiful  blue 
solution.     6.  With  concentrated  suLphuric  acid  and  sugar  (in  small  quanti- 
ties) the  albuminous  bodies  give  a  beautiful  red  coloration.* 

Many  of  these  color  reactions  are  obtained  as  shown  by  Salkowski*  by  the 
aromatic  or  heterocyclic  cleavage  products  of  the  proteids.  Millon's  reaction 
is  only  obtained  by  the  substances  of  the  phenol  group;  the  Xanthoproteic 
reaction  by  the  phenol  group  and  skatol  or  skatolcarbonic  acid.  Liebermann's 
reaction  is  not  given  by  any  of  the  aromatic  splitting  products.  Adamkiewicz's 
reaction  is  only  given  by  the  indol  group,  especially  skatolcarbonic  acid.  Lie- 
bermann's reaction,  as  well  as  the  reaction  with  sulphuric  acid  and  sugar,  seems 
at  least  to  be  a  furfurol  reaction.  The  biuret  reaction  is  not  only  given  by  pro- 
tein substances  but  also  by  many  other  bodies.  According  to  H.  Schiff  •  this  reac- 
tion occurs  with  those  bodies  containing  two  amino  groups,  CONHj,  CSXH,, 
C(XH)NH2  or  also  CH2XH2,  united  either  directly  by  their  carbon  atoms  or  by  means 
of  a  third  carbon  or  nitrogen  atom.    As  examples  of  such  bodies  we  can  mention 

*  See  O.  Nasse,  Sitzunj^sb.  d.  Xaturforsch.  Gesellsch.  zu  Halle,  1879,  and  Pfliiger's 
Arch.,  83;  see  also  Vaubel  and  Blum,  Joum.  f.  prakt.  Chera.  (N.  F.),  o7. 

'Proceed.  Roy.  See.,  68. 

'  Centralbl   f.  d.  med.  Wissensch.,  1887;  see  also  Cole,  Joum.  of  Physiol,  30. 

*  In  regard  to  the  precipitation  and  coloration  reactions  of  proteids  with  aniline 
dyes  see  M.  Heidenhain,  Pfluger's  Arch.,  90  and  %. 

•Zeitschr.  f.  physiol.  Chem.,  12. 

*  Ber.  d.  d.  chem.  Gesellsch.,  29  and  30. 
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several  diamines  or  aminoamidefl,  such  els  oxamidej  biuret,  glyrinamide,  «-  and  ^- 
amifiulnityniinidp,  a,spLirtic  acid  ariiidc,  etc.  The  biuret  reaction  alone  is  there- 
fore no  proof  as  tu  the  protei<l  iiatnre  of  a  giibstarie*^,  for  examjile,  urobilin  gives 
a  very  similar  color  reaction,  nnd  a  protein  substance  can  stili  retain  its  protein 
nntnrc%  us  l>v  the  aetitju  of  nitrous  acid  or  by  a  splitting  off  of  ammonia,  although 
it  does  not  give  the  biuret  reaction. 

The  delicacy  of  the  various  reagents  differs  for  the  different  proteids.  and 
on  this  account  it  is  impossible  to  give  tlie  degree  of  delicacy  for  each  reac- 
tion for  all  pmteids.  Of  the  precipitation  reaetions  Heller's  test  {if  we 
elinunate  the  jyeptones  and  certain  prorteoses)  is  recommended  in  the  first 
place  for  its  delicacy,  though  it  is  not  tlie  most  delicate  reaction,  and  because 
it  can  be  performed  so  easily.  Among  the  precipitation  reactions,  that 
^itli  basic  lead  acetate  (when  carefully  and  exactly  execute*!)  and  the 
reactions  6,  7,  S^  9,  and  11  are  the  most  delicate.  The  color  reactions  1  to 
4  show  great  delicacy  in  the  order  in  which  they  are  given* 

No  proteid  reaction  is  in  itself  characteristic,  and,  therefore,  in  test- 
ing for  proteids  one  reaction  is  not  sufficient,  but  a  number  of  precipi- 
tation and  col(7r  reactions  must  te  employed. 

For  the  quantitative  estimation  of  coagulable  proteids  the  determina- 
tion by  boiling  with  acetic  acid  can  be  performed  with  advantage,  smce,  by 
operating  carefuHy,  it  gives  exact  resnlts.  Treat  the  i>n>teid  sidution  with 
a  1-2  j>er  cent  comuKUi-salt  s^dution,  or  if  the  solution  contains  large  amounts 
of  jiroteid  dilute  with  the  pmper  quantity  of  the  above  salt  solution,  and 
then  carefully  neutralize  with  acetic  acid.  Now  determine  the  quantit> 
of  acetic  acid  necessary-  t*)  completely  precipitate  the  proteitLs  in  small 
measured  portions  of  the  neutralized  lir|uid  which  have  previously  been 
heated  on  the  water-bath,  so  that  the  fdtrate  tloes  not  respond  to  Hel- 
ler ^s  test.  Now^  warm  a  larger  weighed  fjr  measured  quantity  of  the 
liquid  on  the  water-l>atb,  and  adrl  gradually  the  required  r[uantity  of  acetic 
acid,  with  constant  stirring,  and  eontintie  heating  ft>r  some  time.  Filter, 
wash  with  water,  extract  with  alcfjbol  and  then  with  ether,  dry,  weigh, 
incinerate,  and  weigh  again.  With  pnjper  work  the  filtrate  shouhl  not  give 
HtJLLKit's  test.  This  method  serves  in  most  cases,  mul  especially  stj  in 
eases  where  other  l>o(bes  are  to  be  quantitatively  esthuated  in  the  filtrate. 

The  precipitation  by  means  of  alcohid  may  also  be  used  in  the  quan- 
titative estimation  of  pmteids.  The  liquid  is  first  carefidly  neutralized, 
treated  with  some  NaCl  if  necessary,  and  then  alcohol  added  until  the 
solution  contairLs  7t)-iS0  vol  per  cent  anhydnnis  alcohol.  The  precij>itate 
is  collecteil  on  a  filter  after  24  hours,  extractefl  with  alcohol  and  ether, 
dried,  weighcfl,  ijicinerated,  and  again  weighed.  This  method  is  only 
a[>plicable  to  lic|uids  which  do  not  contain  any  other  substances,  like  glyco- 
gen, which  are  ins(duble  in  alcohoL 

In  both  of  these  methods  small  quantities  of  proteid  may  remain  m  the 
filtrates.  These  traces  may  be  determined  as  follows:  Concentrate  the 
filtrate  sufficiently,  remove  any  separatetl  fat  fjy  shaking  M'ith  ether,  and 
then  precipitate  with  tannic  acid  Approximately  03  per  cent  of  tlie  tannic 
acid  precifutate,  wiisbed  with  cold  water  and  then  dried,  may  be  considered 
as  pn>teid. 

In  many  cases  good  results  may  be  obtained  by  precipitating  all  the 
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proteid  with  tannic  acid  and  determining  the  nitrogen  in  the  washed  pre- 
cipitate by  means  of  Kjeldahl's  method.  On  multiplying  the  quantity 
of  nitrogen  found  by  6.25  we  obtain  the  quantity  of  proteid. 

The  removal  of  proteids  from  a  solution  may  in  most  cases  be  performed 
by  boiling  w.th  acetic  acid.  Small  amounts  of  proteid  which  remain  in  the 
filtrates  may  be  sepa  ated  by  boiUng  with  freshly  precipitated  lead  car- 
bonate o-  with  ferric  acetate,  as  described  by  Hofmeister.*  If  the  Uquid 
cannot  be  boiled,  the  proteid  may  be  precipitated  by  the  very  careful  addi- 
tion of  lead  acetate,  or  by  the  addition  of  alcohol.  If  the  Uquid  contains 
substances  which  are  precipitated  by  alcohol,  such  as  glycogen,  then  the 
proteid  may  be  removed  by  the  alternate  addition  of  potassium-mercuric- 
iodide  and  hydrochloric  acid  (see  Chapter  VIII,  on  Glycogen  Estimation), 
or  also  by  trichloracetic  acid  as  suggested  by  Obermayer  and  Frankel.' 

In  the  precipitation  of  proteid  as  well  as  the  quantitative  estimation  by  means 
of  heat,  it  must  be  borne  in  mind,  as  shown  by  Spiro,'  that  several  nitrogenous 
substances,  such  as  piperidine,  pyridine,  urea,  etc.,  disturb  the  coagulation  of  the 
proteids. 

Synopsis  of  the  Most  Important  Properties  of  the  Different  Chief  Groups 

of  Proteids. 

As  it  is  not  possible  to  base  the  classification  of  the  different  proteid 
groups  according  to  their  constitution,  we  are  obliged  to  make  use  of  their 
different  solubiUties  and  precipitation  properties  in  their  general  characteriza- 
tion. As  there  exists  no  sharp  difference  between  the  various  groups  in 
this  n^ard  it  is  impossible  to  draw  a  sharp  line  between  them. 

Albuniins.  These  bodies  are  soluble  in  water  and  are  not  precipitated 
by  the  addition  of  a  little  acid  or  alkali.  They  are  precipitated  by  the 
addition  of  large  quantities  of  mineral  acids  or  metallic  salts.  Their  solu- 
tion in  water  coagulates  on  boiling  in  the  presence  of  neutral  salts,  but  a 
weak  saline  solution  does  not.  If  NaCl  or  MgSO^  is  added  to  saturation 
to  a  neutral  solution  in  water  at  the  normal  temperature  or  at  30°  C.  no 
precipitate  is  formed;  but  if  acetic  acid  is  added  to  this  saturated  solution 
the  albumins  readily  reparate.  When  ammonium  sulphate  is  added  in 
substance  to  saturation  to  an  albumin  solution  a  complete  precipitation 
occurs  at  ordinary  temperature.  Of  all  the  native  proteids  the  albumins 
are  the  richest  in  sulphur,  containing  from  1.6  per  cent  to  2.2  per  cent. 

Globulins.  These  substances  are  insoluble  in  water,  but  dissolve  in 
dilute  neutral  salt  solutions.  The  globulins  are  precipitated  unchanged 
from  these  solutions  by  sufficient  dilution  with  water,  and  on  heating  they 
coagulate.  The  globuUns  dissolve  in  water  on  the  addition  of  very  little 
acid  or  alkali,  and  on  neutralizing  the  solvent  they  precipitate  again. 

The  solution  in  a  minimum  amount  of  alkali  is  precipitated  by  carbon 

*  Zeitschr.  f.  physiol.  Chem.,  2  and  4. 

•Obermayer,  Wein.  med.  Jahrbucher,  1858;   Frankel,  Pfluger's  Arch.,  62  and  55. 

•Zeitschr.  f.  physiol.  Chem.,  30. 
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dioxide,  but  the  precipitate  may  be  redissolved  by  an  excess  of  the  precipi- 
tant. The  neutral  s^ilutians  of  the  globulins  containing  salts  are  partly  or 
completely  precipitated  on  saturation  with  NaCl  or  MgS04  in  substance  at 
normal  temperatures-  The  globulins  are  coni])letely  precipitated  by  half- 
saturating  with  ammonium  sulphate.  The  globulins  contain  an  average 
amount  of  sulphur,  geaerally  not  below  1  per  cent. 

A  sharp  line  cannot  l>e  drawn  l>etween  the  globulins  and  albumins  as  shown 
by  the  properties  of  the  serglo  bill  ins.  The  same  is  true  between  the  globulins 
and  the  albuminatea.  Several  globuliim  are  very  readily  changed  by  the  action  of 
very  little  at'id,  m  also  by  standing  under  water  when  in  a  preeijiitated  condition, 
into  albuminates,  and  then  bectime  insoluble  in  neutral  salt  solutions.  Osborne,^ 
who  has  I'losely  studied  this  pro[jerty  in  eonnet'tion  with  edestin  (from  hemp- 
seed),  considers  the  globulin,  "globan/'  which  has  l^een  made  insoluble  in  salt 
solution,  as  an  intermediate  step  in  the  formation  of  the  albuminate  which  is  pro- 
duced by  the  hydrolytic  action  of  the  H  ions  of  water  or  of  the  acid.  According 
to  J.  St.uike^  the  globulins  are  not  sohible  in  dilute  salt  solutions,  but  fonii  alkaH 
proteid  t'ompoiinds  whose  solubility  in  salts  is  brought  about  by  an  increase  in 
the  free  OH  ions  produced  by  the  salts.  This  view  is  not  tenable  for  several 
globulins  and  seems  in  faet  not  to  be  well  founded. 

If ucleo albumins.  This  group  of  phosphorized  protcids  Is  found  mdely 
diffused  hi  both  the  animal  and  vegetable  kinf2:donis.  The  micleoalbumins 
behave  like  weak  acids ;  they  are  nearly  insoluble  in  water,  but  dissolve 
easily  with  the  aid  of  a  little  alkali.  The  nuc la:* albumins  resemble  certain 
of  the  globulins  and  alburiiinatcii  in  solubility  and  precipitation  properties 
but  differ  from  these  two  groups  by  containing  phosphorus.  They  stand 
close  to  the  nucleoproteids  by  their  content  of  phosphonis,  but  difTer  from 
these  in  not  yielding  any  ptirin  bases  on  cleavage.  It  has  not  yet  been 
found  possible  to  obtam  from  the  nucleoalbumins  any  proteid-free  pseudo- 
nucleic  acids  corresponding  to  the  nucleic  acids,  but  only  acids  rich  in 
phosphorus,  which  always  give  the  proteid  reactions  (Levexe  and  Alsberg, 
Salkowski  *).  For  this  reason  the  nucleoalbumins  cannot  be  classed  as 
compound  proteids.  In  peptic  digestion  a  proteid  rich  in  phosphorus  can 
*be  split  off  from  most  nucleoalbumins.  and  this  has  been  called  para-  or 
pscudonucMn.  The  claim  made  by  LIEllER.MAX^'  that  the  pseudonuclein 
is  a  combination  of  pmteid  with  metaphosphoric  acid  has  been  sbo^^i  to 
be  incorrect  by  the  investigatiotLs  of  Giertz.^  The  nucleoalbumins  always 
seem  to  contain  some  iron. 


*  Zeitachr.  f.  physiol.  Chem,,  33. 

*  Zeitschr.  f.  Biologie,  40  and  42.  In  regard  to  the  various  views  oa  this  subject 
Bee  Wolf!"  and  Smita,  ihid.,  41;  Osborne,  1.  c. ;  Hammarsten,  Ergebnisse  der  Physiologie^ 
1,  Abt,  1;  MoU,  Hofmeister's  Beitrage,  4. 

*  Levene  and  Alsberg,  Zeitachr.  f,  physioL  Chem.,  31;  Salkowski,  ibid.,  32;  Levene, 
ibid,,  82. 

*  Liebermann,  Ber.  d,  deutsch,  chem.  Gesellsch,,  21;  Giertx,  Zeitachr.  f.  physioL 
Chein,,  2.H 
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The  separation  of  peeudonuclein  in  the  peptic  digestion  of  nucleoalbumins 
cannot  be  considered  as  positively  characteristic  of  the  nucleoalburain  group. 
The  extent  of  such  a  cleavage  is  dependent  upon  the  intensity  of  the  pepsin  diges- 
tion, the  degree  of  acidity,  and  the  relationship  between  the  nuceloaJbumins 
and  the  digestive  fluids.  The  separation  of  a  pseudonuclein  may,  as  shown  by 
Salkowski,  not  occur  even  in  the  digestion  of  ordinary  casein,  and  Wr6blewskt 
did  not  obtain  any  pseudonuclein  at  all  in  the  diction  of  the  casein  from  human 
milL  WimAn^  has  also  shown  in  the  digestion  of  vegetable  nucleoalbumin 
that  the  obtainment  of  considerable  pseudonuclein  or  none  is  dependent  upon  the 
vay  in  which  the  dij^stion  is  performed.  The  most  essential  characteristic  of 
this  group  of  proteids  is  that  they  contain  phosphorus,  and  that  the  xanthine 
bases  are  absent  in  their  cleavage  products. 

The  nucleoalbumins  are  often  confounded  with  nucleoproteids  and  also 
with  phosphorized  glucoproteids.  From  the  first  class  they  differ  by  not 
yielding  any  xanthine  bodies  when  boiled  with  acids,  and  from  the  second 
group  by  not  yielding  any  reducing  substance  on  the  same  treatment. 

Ledthalbumins.  In  the  preparation  of  certain  protein  substances  products 
are  often  obtained  containing  lecithin,  and  this  lecithin  can  only  be  removed 
with  difficulty  or  incompletely  by  a  mixture  of  alcohol  and  ether.  Ovovitellin 
is  such  a  protein  body  containing  considerable  lecithin,  and  Hoppe-Seyler 
considers  it  a  combination  of  proteid  and  lecithin.  Liebermann  '  has  obtained 
proteids  containing  lecithin  as  an  insoluble  residue  on  the  peptic  digestion  of  the 
mucous  membrane  of  the  stomach,  liver,  kidneys,  lungs,  and  spleen.  He  con- 
siders them  as  combinations  of  proteid  and  lecithin  and  calls  them  kcUhalbumins* 
'  Further  investigation  of  these  bodies  is  desirable. 

Alkali  and  Acid  Albuminates.  The  native  proteids  are  modified  by  the 
action  of  sufficiently  strong  acids  or  alkalies.  By  the  action  of  alkalies 
all  native  albuminous  bodies  are  converted,  with  the  elimination  of  nitro- 
gen or  by  the  action  of  stronger  alkali,  also  \\dth  the  emission  of  sulphur, 
into  a  new  modification,  called  alkali  albuminate,  whose  specific  rotation 
is  increased  at  the  same  time.  If  caustic  alkali  in  substance  or  in  strong 
solution  be  allowed  to  act  on  a  concentrated  proteid  solution,  such  as 
blood-serum  or  egg-albumin,  the  alkali  albuminate  may  be  obtained  as  a 
solid  jelly  ^vhich  dissolves  in  water  on  heating,  and  w^hich  is  called  **Lieber- 
kuhn's  solid  alkali  albuminate."  By  the  action  of  dilute  caustic  alkali 
solutions  on  dilute  proteid  solutions  we  have  alkali  albuminates  formed 
slowly  at  the  ordinary  temperature,  but  more  rapidly  on  heating.  These 
solutions  may  be  modified  by  the  source  of  the  proteid  acted  upon,  and 
also  by  the  extent  of  the  action  of  the  alkali,  but  still  they  have  certain 
reactions  in  conmion. 

If  proteid  is  dissolved  in  an  excess  of  concentrated  hydrochloric  acid,  or 
if  we  digest  a  proteid  solution  acidified  with  1-2  p.  m.  hydrochloric  acid  in 
the  thermostat,  or  digest  the  proteid  for  a  short  time  with  pepsin-hydro- 
chloric acid,  we  obtain  new  modifications  of  proteid  which  indeed  may  show 

*  Salkowski,  Pfliiger's  Arch.,  63; — \Vr6blew8ky,  Beitrage  zur  Kennitniss  des  Frauen- 
kaseins.     Inaug.-Diss,  Bern,  1894; — Wiman,  Upsala  Lilkaref.  Forh.  N.  F.,  2. 

'Hoppe-Seyler,  Med.  chem.  Untersuch.,  1868;  also  Zeitschr.  f.  physiol.  Cham.,  13, 
479;  Liebermann,  Pfltiger's  Archiv,  50  and  54.  • 
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somewhat  varjdng  properties,  but  have  certain  reactions  in  eommon.  These 
raodifications,  which  may  be  obtained  in  a  solid  gelatinous  condition  on 
sufficient  concentration,  are  called  acid  albuminates  or  acid  albumins,  and 
smetimes  syntonin,  though  we  prefer  to  apply  the  term  syntonin  to  the 
acid  albuminate,  which  Is  obtained  by  extracting  muscles  with  hydrochloric 
acid  of  1  p.  m. 

The  alkali  and  acid  albuminates  have  the  following  reactions  in  com- 
mon: They  are  nearly  insoluble  in  water  and  dilute  common-salt  solu- 
tion (see  page  34),  but  they  dksolve  readily  in  water  on  the  addition  of  a 
very  small  qiiantity  of  acid  or  alkali,  Such  a  solution  as  nearly  neutral  as 
possible  does  not  coagulate  on  boiling,  but  Is  precipitated  at  the  normal  tem- 
perature on  neutralizing  the  solvent  by  an  alkali  or  an  acitL  A  solution  of 
an  alkali  or  acid  albuminate  in  acid  is  e^Lsily  precipitated  on  saturating 
with  XaCI,  but  a  solution  in  alkali  is  precipitated  with  difficulty  or  not  at 
all  according  to  the  amount  of  alkali  it  contains.  ^lineral  acids  in  excess 
precii>itate  solutions  of  acid  as  well  as  alkali  albimiinates.  The  nearly  neu- 
tral solutions  of  the45e  bodies  are  also  precipitated  by  many  metallic  salts. 

NtJt withstanding  this  agreement  in  the  reactions,  the  acid  and  alkali 
albiuninate^  are  essentially  difTerent,  for  by  dissolving  an  alkali  albuminate 
in  some  acid  no  acid  albiuiiinate  solution  is  obtained,  nor  is  an  alkali 
albuminate  formed  on  dissolving  an  acid  albuminate  in  water  by  the  aid  of 
a  little  alkali.  In  the  first  case  we  obtain  a  combination  of  the  alkali 
albuminate  and  the  acid  soluble  in  water^  and  in  the  other  ease  a  soluble 
combination  of  the  acid  albuminate  ^ith  the  alkali  added.  The  chemical 
process  in  the  modification  of  protcids  with  an  acid  is  essentially  different 
from  the  modification  with  an  alkali,  hence  the  products  are  of  a  different 
kind.  The  alkali  albuminates  are  relatively  strong  acids.  They  may  be 
dissolved  in  water  with  the  aid  of  CaCOa,  with  the  elimination  of  COj, 
which  does  not  occur  with  typical  acid  albuminates,  and  they  show  in 
opposition  to  the  acid  albuminates  also  other  variations  which  stand  in 
connection  with  their  strongly  nmrketl  acid  nature.  Dilute  solutions  of 
alkalies  act  more  energetically  on  proteids  than  do  acids  of  correspondmg 
concentration.  In  the  first  case  a  part  of  the  nitrogen,  and  often  also  the 
sulpliur,  is  split  off,  and  from  this  property  we  may  obtain  an  alkali  albu- 
niinate  by  the  action  of  an  alkali  upon  an  acid  albuminate;  but  we  camiot 
obtain  an  acid  albuminate  by  the  reverse  reaction  (K.  Morner  ^).  For 
this  reason  the  calling  of  the  modifieil  proteid  obtaincil  by  the  action  of 
alkali  or  acid,  protein ^  the  combination  of  this  protein  with  alkali,  alkali 
albuminate,  and  the  combination  with  acid,  acid  albuminate,  leads  to  a 
misunderstanding  or  to  a  wi"ong  conception. 

Tlie  preparation  of  the  albuminates  has  been  given  above.  The  cor- 
responding a^buminat-e  obtained  by  th  ^  action  of  alkalies  or  acids  upon  a 
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S)tad  solution  may  be  precipitated  by  neutralizing  with  acid  or  alkali, 
e  washed  precipitate  is  dissolved  in  water  by  the  aid  of  a  little  alk^i  or 
acid,  and  again  precipitated  by  neutralizing  the  solvent.  If  this  precipi- 
tate which  has  been  washed  in  water  is  treated  with  alcohol  and  ettier, 
the  albuminate  will  be  obtained  in  a  pure  form. 

In  the  preparation  of  acid  as  well  as  alkali  albuminates  proteoses  and  the 
neaiiy  related  albuminates  are  formed.  The  ** alkali  albumose**  obtained  by 
Maas  ^  belongs  to  this  class.  The  lifsaUnnic  acid  and  protalbinic  add  obtained 
by  Paal  '  from  ovalbumin  are  likewise  alkali  albuminates.  Deaaminoalhuminic 
acid  is  sn  alkali  albuminate  which  Schmiedeberg  '  obtain^  by  the  action  of  such 
weak  alkali  that  a  part  of  the  nitrogen  was  evolved,  but  the  quantity  of  sulphur 
remained  the  same.  The  proteid  combination  obtained  by  Blum  by  the  action 
of  foraiol  on  proteid  and  called  by  him  protoffen  has  similarities  with  the  alkali 
albuminates  in  regard  to  solubilities  and  precipitation,  but  is  not  identical 
therewith.^ 

Proteoses  and  Peptones.  Peptones  are  designated  as  the  final  products 
of  the  decomposition  of  proteid  bodies  by  means  of  proteol3rtic  enzymes, 
in  so  far  as  these  final  products  are  still  true  proteids,  while  we  designate 
as  proteoses  (albumoses,  or  propeptones),  the  intermediate  products  pro- 
duced in  the  peptonization  of  proteids  in  so  far  as  they  are  not  sub- 
stances similar  to  albuminates.  Proteoses  and  peptones  may  also  be  pro- 
duced by  the  hydrolytic  decomposition  of  the  proteids  with  acids  or  alkalies, 
also  by  the  putrefaction  of  the  same.  They  may  also  be  formed  in  very 
small  quantities  as  by-products  in  the  investigations  of  animal  fluids  and 
tissues,  and  the  question  as  to  what  extent  these  exist  preformed  under 
physiological  conditions  requires  very  careful  investigation. 

Between  the  peptone  which  represents  the  final  cleavage  product  and 
the  proteose  which  stand  closest  to  the  original  proteid  we  have  undoubt- 
edly a  series  of  intermediate  products.  Under  such  circumstances  it  is  a 
difficult  problem  to  try  to  draw  a  sharp  line  between  the  peptone  and 
the  proteose  group,  and  it  is  just  as  difficult  to  define  our  conception  of 
peptones  and  proteoses  in  an  exact  and  satisfactory  manner. 

The  proteoses  (or  albumoses)  have  been  considered  as  those  proteid  bodies 
whose  neutral  or  faintly  acid  solutions  do  not  coagulate  on  boiling  and 
which,  to  distinguish  them  from  peptones,  were  characterized  chiefly  by 
the  following  properties.  The  watery  solutions  are  precii)itate(l  at  the 
ordinar>'  temperature  by  nitric  acid  as  weJl  as  by  acetic  acid  and  potassium 
ferrocyanide,  and  this  precipitate  has  the  peculiarity  of  disappearing  on 

»  Zeitschr.  f.  physiol.  Chem.,  30. 

*  Ber.  d.  d.  chem.  Gesellsch.,  35. 

» Arch.  f.  exp.  Path.  u.  Phann.,  39. 

*  Blum,  Zeitschr.  f.  physiol.  Chem.,  22.  The  older  investigations  of  Loew  may 
be  found  in  Maly  *s  Jahresber.,  1888.  On  the  action  of  formaldehyde  see  also  Benedi- 
centi,  Du  Bois-Reyroond^s  Arch.,  1897;  S.  Schwartz,  Zeitschr.  f.  physiol.  Chem.,  30; 
Bliss  and  Novy,  Joum.  of  Exper.  Med.,  4. 
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heating  and  reappearing  on  cooling.  If  a  proteose  solution  is  saturated 
with  NaCl  in  substance,  the  proteose  is  partly  precipitated  in  neutral 
solutions,  but  on  the  addition  of  acid  saturated  with  salt  it  is  more 
comi)letely  precipitated.  This  precipitate,  which  dissolves  on  warming,  is 
a  combination  of  the  proteose  i^ith  the  acid. 

We  formerly  designated  as  peptone  those  proteid  bodies  which  are  readily 
soluble  in  water  and  which  do  not  coagulate  by  heat,  whose  solutions  are 
precipitated  neither  by  nitric  acid,  nor  by  acetic  acid  and  potassium  ferro- 
cyanide,  nor  by  neutral  salts  and  acid. 

The  reactions  and  properties  which  the  proteoses  and  peptones  have  in 
common  were  formerly  considered  as  the  following:  They  give  all  the  color 
reactions  of  the  proteids,  but  with  the  biuret  test  they  give  a  more  beautiful 
red  color  than  the  ordinary'  proteicLs.  They  are  precipitated  by  ammoniacal 
lead  acetate,  by  mercuric  chloride,  tannic,  phosphotungstic.  phosi>hr> 
molybdic  acids,  potassium-mercuric  iodide  and  h3^drochloric  acid,  and  also 
by  picric  acid.  They  are  precipitated  but  not  coagulated  by  alcohol, 
namely,  the  precipitate  obtained  is  soluble  in  water  even  after  being  in 
contact  with  alcohol  for  a  long  time.  The  proteoses  and  peptone  also 
have  a  greater  diffusive  power  than  native  proteids,  and  the  diffusive 
power  is  greater  the  nearer  the  questionable  substance  stands  to  the  final 
product,  the  now  so-calletl  pure  peptone. 

These  old  views  have  gradually  undergone  an  essential  change.  After 
Heyxsius'  *  observation  that  amjnonium  sulphate  was  a  general  pre- 
cipitant for  proteids,  also  peptone  in  the  old  sense,  KrnxE  and  his  pupils ' 
proposed  this  salt  as  a  means  of  separating  proteoses  and  peptones*  Those 
products  of  digestion  which  separate  on  saturating  their  solution  wdth 
ammonium  sulphate  or  can  indeed  be  salted  out  are  considered  by  KirHNE 
and  indeed  b}^  most  of  the  modem  investigators  as  proteoses,  while  those 
which  remain  in  solution  are  called  peptones  or  pure  peptones.  These 
pure  peptiines  are  formed  in  relatively  large  amounts  in  pancreatic  diges- 
tion, while  in  pepsin  digestion  they  are  only  formed  in  small  quantities 
or  after  prolonge<l  digestion. 

According  to  Schutzenbergeb  and  Kuhne  '  the  proteids  yield  two 
chief  groups  of  new  proteid  bodies  when  decomposed  by  dilute  mineral 
acids  or  with  proteolytic  enzymes ;  of  these  the  anli  group  shows  a  greater 
resistance  to  further  action  of  the  acid  and  enzyme  than  the  other,  namely, 


»  Pflijger's  Archiv,  34. 

'See  Kiihne,  \'crhiiiidl.  d,  naturhlstor.  ^''erelna  zu  Heidelberg  (X.  F,),  3;  J.  Weaa, 
Zeitschr.  f.  Biologie,  22;  Kuhne  and  Chittenden,  Zeitschr.  f.  Biologie,  22;  R.  Neu- 
meiiJter,  ibid.,  23;  Kokne,  ibid.,  29. 

'  Schiitzenberger,  Bull  de  la  soc.  chknlque  do  Pans,  23;  Kiihne,  Verhandl.  d. 
naturhist,  Vereim  zu  Heidelberg  (N.  F.),  1  and  Kulme  and  Chittenden,  Zeitachr.  t 
Biologie,  ID,    See  also  Faal,  Bcr.  d.  deutsch.  chem.  Gesellsch,,  27. 
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tiie  hemi  group.  These  two  groups  are,  according  to  Kuhne,  united  in 
the  different  proteoses,  even  though  in  various  relative  amotints,  and  each 
proteose  contains  the  anti  as  well  as  the  hemi  group.  The  same  is  true  for 
the  peptone  obtained  in  pepsin  digestion,  hence  he  calls  it  ampliopeptone. 
In  tiyptic  digestion  a  cleavage  of  the  amphopeptone  takes  place  into  anti- 
peptone  and  hemipeptone.  Of  these  two  peptones  the  hemipeptone  is  further 
split  into  amino  acids  and  other  bodies  while  the  antipeptone  is  not  attacked. 
By  the  sufficiently  energetic  action  of  trypsin  only  one  peptone  is  at  last 
obtained,  the  so-called  antipeptone. 

KiJHNE  and  his  pupils,  who  have  conducted  extensive  investigations 

on  the  proteoses  and  peptones,  classify  the  various  proteoses  according 

to  their  different  solubilities  and  precipitation  properties.    In   the  pepsin 

d^estion  of  fibrin  *   they  obtained  the  following  proteoses:    (a)  Hetero- 

proteose,  insoluble  in  water  but  soluble  in  dilute  salt  solution;    (b)  Proto- 

proteose,  soluble  in  salt  solution  and  water.    These  two  proteoses  are 

precipitated  by  NaCl  in  neutral  solutions,  but  not  completely.    Hetero- 

proteose  may,  by  being  in  contact  with  water  for  a  long  time  or  by  drying, 

be  converted  into  a  modification,  called  (c)  Dysproteose,  which  is  insoluble 

in  dilute  salt  solutions,     (d)  DeiUeroproteose  is  a  proteose  which  is  soluble 

in  water  and  dilute  salt  solution  and  which  is  incompletely  precipitated 

from  acid  solution  by  saturating  with  NaCl  and  not  precipitated  from 

neutral  solutions.    This  precipitate  is  a  combination  of  the  proteose  with 

acid  (Herth  *).    The  heteroproteose  is  essentially  the  same,  as  described 

by  Brucke,  as  peptone. 

The  proteoses  obtained  from  different  proteid  bodies  do  not  seem  to  be 
identical,  but  differ  in  their  behavior  to  precipitants.  Special  names  have 
been  given  to  these  various  proteoses  according  to  the  mother-proteid, 
namely,  albumoses,  globuloses,  vitelloseSj  caseoses,  myos^inoses,  etc.  These 
various  proteoses  are  further  distinguished,  as  proto-j  hetero",  and  deutero- 
caseos€8  for  example.  Chittenden  '  has  suggested  the  common  name 
proteoses  for  the  products  formed  intermediary  between  the  proteicLs  and 
peptones  in  the  digestion  of  animal  and  vegetable  proteids.  We  have 
made  use  of  it  in  this  sense  in  preference  to  the  word  albumose  (which  Ls 
used  in  the  German  and  by  some  other  writers),  but  which  will  be  used 
in  this  book  as  indicating  the  intermediary  products  in  the  hydrolysis 
of  albumins  and  not  as  a  general  term.  Certain  proteoses  have  also  been 
obtained  in  a  crystalline  state  (Schrotter). 

*  See  Kiihne  and  Chittenden,  Zeitschr.  f.  Biologic,  20. 
'Monatshefte  f.  Chem.,  6. 

*  Kiihne  and  Chittenden,  Zeitschr.  f.  Biologic,  22  and  25;  Ncumeistcr,  ibid.,  23; 
Chittenden  and  Hartwell,  Joum.  of  Physiol.,  11  and  12;  Chittenden  and  Painter, 
i?tudies  from  the  Laboratory,  etc.,  Yale  University,  2,  New  Haven,  1891;  Chittenden, 
ibid.,  3;  Sebelien,  Chem.  Ccntralblatt,  1890;  Chittenden  and  Goodwin,  Joum.  of 
Physiol,  12. 
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Xeumeister^  designates  as  atmuhlhumose  that  body  which  is  obtained  by 
tbe  a(*tif>ii  of  superheated  steam  on  fibrin.  At  the  same  time  he  also  obtained  a 
substance  called  almidailjiimWf  whieh  stands  between  the  albuminates  and  the 
proteoses* 

Of  the  soluble  proteoses  Neumeister  designates  the  pnotoproteose  and 
heteroprot^>ose  as  primary  proteoses,  while  the  deutemproteoses,  which  are 
elosely  allied  to  the  peptones,  he  calls  secondare/  proteoses.  As  an  essen- 
tial dlfTcrence  between  the  primary  and  secondan'  proteoses  he  suggests  the 
following:^  The  primary  proteoses  are  precipitated  by  nitric  acid  in  salt- 
free  aolutioas,  while  the  secondary-  proteoses  are  only  precipitated  in  salt 
solutions,  and  certain  deatenjproteoses,  such  as  deuterovitellose  and  deu- 
teromyosinose,  are  only  precipitated  by  nitric  acid  in  solutions  saturated 
with  NaCL  The  priman^  proteoses  are  precipitated  from  neutral  solutions 
by  copper  sulphate  solution  (2  :  100)  ^  also  by  NaCl  in  substance^  while  the 
secondary^  proteoses  are  not.  The  primary  proteoses  are  completely  pre- 
cipitatetl  from  their  solution  saturated  with  NaCl  by  the  adtlition  of  acetic 
acid  saturatetl  with  salt^  wliile  the  secondary^  proteoses  are  only  partly 
precipitated.  The  priniar^^  protajses  are  readily  preeipitateil  by  acetic 
acid  and  pottissium  ferrocyanide^  while  the  secondarj'  are  only  incompletely 
precipitated  after  some  time.  The  primary  proteoses  are  also,  according 
to  PiCK,^  completely  precipitated  by  ammonium  sulphate  (added  to  one  half 
saturation),  whQe  the  seeondar>'  proteoses  remain  in  solution. 

The  true  peptones^  as  they  used  to  be  obtiiinefl,  are  axceedingly  hygro- 
scopic^ and  when  perfectly  dr>'  sizzle  like  phosphoric  anhydride  when 
treated  with  a  little  water.  They  are  exceedingly  soluble  in  water,  diffuse 
more  readily  than  the  proteoses,  and  are  not  precipitated  by  ammonium 
sulphate.  In  contradistinction  to  the  proteoses  the  true  peptones  are  not 
precipitated  by  nitric  acid  (even  in  solution  saturated  ^vith  salt),  by  acetie 
acid  saturated  with  salt  and  sodium  cliloride,  potassium  ferrocyanide 
and  acetic  acid,  picric  acid,  trichloracetic  acid,  potassium -mercuric  iodide, 
and  hydrochlipric  acid.  They  are  precipitated  by  phosphotungstic  acid, 
phosphomolybtlic  acid,  corrosive  sublimate  (in  the  absence  of  neutral  salts), 
absohite  alcohol^  and  tannic  acid^  but  the  precipitate  may  redissolve  on  the 
addition  of  an  excess  of  the  precipitant,  ^^s  an  important  difference  between 
amiihopeptone  and  antipeptone  we  must  also  mention  that  the  first  gives 
MiLLox's  reaction,  while  the  antipeptone  docs  not. 

In  regard  to  the  precipitation  by  alcohol  we  must  call  attention  to  tbcobser^^a- 
tions  of  FrXnkel  that  not  on  y  are  the  acid  combinations  of  j>eptone  ^Paal) 
soluble  in  alcohol,  but  also  the  free  i>eptone,  and  Frankel  has  even  suggested  a 


*  Zeitschr.  f.   Bioloj^e,  26.     See  also  Chittenden  and  Meara,  Journ.  of  Physiol., 
la,  and  Salkowaki,  Zeitschr.  f.  Biolope.  34  and  37. 
'  Iseumeister,  Zeitsehr,  f.  Bioltigio,  *ll,  2it 
'  Zeitschr.  f .  physloL  Chem. ,  21 
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method  of  preparation  based  on  this  behavior.    Schrotter^  has  also  prepared 
crystalline  proteoses  which  were  soluble  in  hot  alcohol,  especially  methyl  alcohol. 

The  views  on  the  hydrolytic  cleavage  products  of  peptic  and  tryptic 
digestion  which  were  accepted  until  a  few  years  ago  have  recently  been 
considerably  modified  in  several  points.  As  this  question  of  peptones 
is  at  the  present  time  undergoing  active  development,  and  as  it  is  also 
very  complicated  and  still  not  clear  in  many  points,  it  is  at  present 
not  possible  to  give  a  clear,  short,  and  still  comprehensive  discussion 
of  the  subject.    We  can  give  here  only  the  most  important  results. 

The  older  \'iew  that  in  peptic  digestion  only  proteoses  and  peptones  but 
no  simpler  cleavage  products  are  formed  has  been  shown  not  to  be  true. 
The  works  of  Zuntz,  Pfaundler,  Salaskin,  Lawrow,  Langstein,'  and 
others  have  shown  that  simpler  products  can  be  produced,  some  whose 
nature  is  still  unknown,  while  others  are  known,  such  as  alanin,  leucin, 
leucinimide,  aminovalerianic  acid,  aspartic   and  glutamic   acids,  phenyl- 
alanin,  tyrosin,  pyrrolidin  carbonic  acid  and  lysin,  and  on  further  cleavage 
indeed  also  oxyphenylethylamine,  tetra-  and  pentamethylendiamine.     It 
has  not  been  possible  to  cause  a  disappearance  of  the  biuret  reaction,  and 
the  appearance  of  tryptophan  '  has  only  been  observed  on  using  certain 
apparently  impure  pepsin  preparations.     Pepsin  digestion  therefore  yields 
to  all  appearances  the  same  products  as  obtained  on  hydrolysis  with  min- 
eral acids. 

In  connection  with  the  experimental  results  it  must  bo  remarked  that  in 
certain  cases  impure  pepsin  was  used,  or  indeed  autodigestion  of  the  stomach 
mucosa  was  carried  on,  and  that  consequently  the  action  of  pseudoi^psin  (see 
Chapter  IX)  was  not  excluded.  In  other  cases  the  digestion  with  pepsin  and 
considerable  acid  (even  1  per  cent  H^SOJ  was  continued  for  a  very  long  time, 
indeed  for  an  entire  year,  without  controlling  the  influence  of  the  acid  alone  upon 
the  proteoses. 

Kuhxe's  view  that  in  tr}T)tic  digestion  alw-ays  a  peptone,  so  called 
antipeptone,  remains  which  cannot  be  further  split  is  not  strictly  true. 
By  sufficiently  long  autodigestion  of  the  pancreas  Kitsciier  ^  was  able  to 
obtain  as  final  products  a  mixture  of  digestion  products  which  failed  to 
respond  to  the  biuret  test.  The  pure  antipeptone  (see  below),  isolated 
by  Siegfried,  can  only  be  split  by  tr\7)sin  with  difficulty.  AVe  do  not 
know  how  the  antipeptone  prepared  according  to  Kuhxe  from  antialbumid 

*  Friinkel,  Zur  Kenntnisse  der  Zerfallsprodukte  dcs  Eiweisscs  bei  pcptischer  und 
tr}'ptischer  Verdaumig.     Wien,  1896; — Schrotter,  Monatjshcfte  f.  Chem.,  14,  IG. 

'Zuntz,  Zeitschr.  f.  physiol.  Chem.,  28,  and  Hofmcist^r's  Beitriige,  2;  Pfaundler, 
Zeitschr.  f.  physiol.  Chem.,  30;  Salaskin,  ibid.,  32;  Salaskin  and  Kowalewsky,  ibid., 
$8;  Lawrow,  ibid.,  33;  Langstein,  Hofmeister's  Beitriige,  1  and  2. 

*  See  Malfatti,  Zeitschr.  f.  physiol.  Chem.,  31. 

*  Zeitschr.  f.  physiol.  Chem.,  25,  2G,  28,  and  "Die  Endprodukte  der  Trypsin ver- 
dauung/'  Habilitationsschrift,  Strasjbur-,  IGCO. 
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acts  in  this  regard.  The  complete  disappearance  of  the  biuret  reaction 
in  tn-ptic  di*;jestion  does  not  show  that  a  complete  destruction  into  simple 
carbon  nuclei  has  taken  place.  According  to  E.  Fischer  and  Abder- 
halden/  pol^'peptide-like  bodies  are  produced,  especially  in  trjrptic  diges- 
tion, and  these  bodies  resist  the  prolonged  action  of  the  enzyme,  but  yield 
several  different  amino  acids  on  hydrolytic  cleavage  by  acids.  The  same 
is  probably  also  true  for  peptic  digestion  (see  below),  and  the  difference 
in  the  digestive  products  between  pepsin  and  trypsin  digestion  consists 
essentially  only  in  that  in  the  first  case  the  cleavage  is  slower  and  does  not 
proceed  so  far  because  the  biuret  reaction  remains  and  no  formation  of 
tryptophan  takes  place. 

By  the  use  of  the  methods,  as  specially  worked  out  by  the  Hofmeister 
-school,  of  fractionally  salting  out  with  ammonium  sulphate  or  zinc  sulphate, 
numerous  experiments  have  recently  been  made  to  separate  the  various 
proteoses  and  peptones  by  Umber,  Alexander,  Pfaundler,  and  especially 
by  Pick  and  Zunz.'  Not  only  have  we  learned  by  these  methods  of  a  larger 
number  of  proteoses,  but  our  older  conception  of  the  primarily  produced 
products  has  been  materially  modified.  Immediately  at  the  commence- 
ment of  digestion,  also  in  peptic  digestion,  a  splitting  of  the  proteid  mole- 
cule into  several  complexes  takes  place.  In  opposition  to  the  view  of 
HuppERT '  that  the  proteoses,  in  pepsin  digestion,  are  always  derived 
from  the  primarily  formed  acid  albuminate.  Pick  and  Zunz  have  shown 
that  acid  albuminate  as  well  as  several  proteoses  occurs  primarily  in  the 
commencement  of  the  digestion.  According  to  Goldschmidt  *  a  splitting 
off  of  proteoses  and  the  formation  of  acid  albuminate  takes  place  simul- 
taneously by  the  action  of  dilute  acids  alone.  Besides  the  proteoses  we 
have,  according  to  Zunz  and  Pfaundler,  even  at  the  b^inning,  also 
other  primary  bodies,  which  cannot  be  salted  out  and  which  do  not  give 
the  biuret  reaction,  but  are  in  part  precipitated  by  phosphotungstic  acid. 
These,  not  closely  studied,  products  seem  to  be  intermediate  between 
the  peptones  and  the  amino  acids,  and  they  correspond  probably  to  the 
polypeptide-like  bodies  obtained  by  Fischer  and  Abderhalden  in  tr}'ptic 
di^restion. 

By  fractional  precipitation  of  Witte's  peptone  with  ammonium  sulphate 
Pick  has  obtained  various  chief  fractions  of  proteoses.  The  first  contains  the 
proto-  and  heteroproteoses,  wliose  i)recipitation  limit  lies  at  24-42  per  cent  satu- 

*  Zcitschr.  f.  physiol.  Chem.,  39. 

^  Umber,  Zeitschr.  f.  physiol.  Chem.,  25;  Alexander,  ibid.j  25;  Pfaundler,  tbwf., 
30;  Zunz,  ibid.,  2S,  and  Hofmeister 's  Beit  rage,  2;  Pick,  ibid.,  2,  and  Zeitschr.  f.  physioL 
Chem.,  24  and  28. 

'  Schiitz  and  Huppert,  Pfliiger's  Arch.,  80. 

*  F.  Goldschmidt,  Uebcr  die  einwirkung  von  Siiuren  auf  EiweLssstofTe,  Inaug.- 
Diss.  Strassburg,  1898. 
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ration  with  ammomum-sulphate  solution,  i.e  ,  the  presence  of  24-42  c.  c.  ammo- 
mum-sulphate  solution  in  100  c.  c.  of  the  liquid.  Then  follows  a  fraction  A  at 
5*-62  per  cent  saturation,  then  a  third  fraction  B,  with  70-95  per  cent  satura- 
tion, and  finally  fraction  C,  which  precipitates  from  the  saturated  solution  oa 
addification  with  sulphuric  acid  saturated  with  the  salt. 

The  hetero-  and  protoproteoses  are  not,  according  to  our  present  views, 
the  only  primary  proteoses.  In  the  proteose  fraction  B  obtained  on  saturat- 
ing with  ammonium  sulphate  in  neutral  liquids,  primary  proteoses  are 
also  found.  To  mention  examples:  the  glucoproteose  (Pick)  which 
contains  a  carbohydrate  group  and  Hofmeister's  *  synproteose.  An 
unequal  power  of  being. salted  out  is  no  longer  sufficient  to  differentiate 
between  the  primary  and  secondary  proteoses. 

We  cannot  enter  into  a  discussion  of  the  various  proteoses  or  proteose- 
fractions.  The  differences  which  exist  between  the  hetero-  and  proto- 
proteoses obtained  from  fibrin  (Pick)  are  of  great  interest.  The  hetero- 
proteose  is  insoluble  in  32  per  cent  alcohol,  yields  only  very  little  tyrosin 
or  indol,  but  gives  abundant  leucin  and  glycocol,  and  contains  about  39 
per  cent  of  the  total  nitrogen  in  a  basic  form.  The  protoproteose,  on 
the  contrary,  is  soluble  in  80  per  cent  alcohol,  yields  considerable  tyrosin 
and  indol,  only  little  leucin,  but  no  glycocol,  and  contains  only  about  25 
per  cent  basic  nitrogen.  Friedmann  and  Hart  '  have  obtained  very  similar 
results  in  regard  to  the  basic  nitrogen  in  the  two  proteoses.  Hart  alsa 
showed  that  the  heteroproteose  (from  muscle  syntonin)  is  considerably 
richer  in  arginin  and  poorer  in  histidin  than  the  protoproteose. 

According  to  Pick,  the  heteroproteose  is  also  more  resistant  towards 
trj'psin  digestion  than  the  protoproteose,  a  behavior  which  coincides  with 
Kt'HXE  's  view  of  a  resistant  atomic  complex,  an  antigroup  in  the  proteid 
bodies.  Kuhne  and  Chittenden'  obtained  regularly  on  the  trj^ptic  di- 
gestion of  heteroproteose  a  separation  of.  so-called  antialbumid,  a  body 
which  is  attacked  with  great  difficulty  in  tr}T)tic  digestion,  but  which  sepa- 
rates as  a  jelly-like  mass  and  which  is  richer  in  carbon  (57.5-5S.09  per 
cent),  but  poorer  in  nitrogen  (12.61-13.94  per  cent),  than  the  original  pro- 
teid. 

This  antialbumid  has  recently  attracted  further  attention,  l^ecause  as 
first  found  by  Danilewski  and  other  investigators,  Okunew,  Sawjalow, 
L\wROW,  and  Salaskin  and  Kurajeff  have  further  shown  that  solutions  of 
rennin,  gastric  juice,  pancreatic  juice,  and  papain  solutions  cause  a  similar 
coagulum  in  not  too  dilute  proteose  solutions.  These  coagula,  called  plas- 
teines  (coagulum  by  rennin)  by  Sawjalow,  and  coagidoses  (coagulum  by 

*  Ueber  Bau  und  Gruppining  der  Eiweisskorper,  Ergebnisse  der  Physiol.,  1,  Abt 
1,783. 

'Friedmann,  Zeitschr.  f.  physiol.  Chem.,  29;  Hart,  ibid.,  33. 

*  Kiihne  and  Chittenden,  Zeitschr  f.  Biologic,  19,  20. 
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papain)  by  Kurajicff/  are  similar  in  manj"  respects  to  antialbumid,  having  a 
higher  content  of  carbon  (57-00  per  cent)  and  nitrogen  (13-14.6  per  cent)* 
They  are  only  produced  from  proteoses  and  not  from  peptones,  and  only  form 
a  small  fraction  of  the  relateil  proteose*  We  cannot  state  anything  ^snth 
positiveness  for  the  present  in  regard  to  their  importance.  It  is  evident 
from  their  composition  that  they  do  not  represent  the  reformation  of  proteid 
fronx  the  proteoses,  as  claimed  by  some  investigators. 

The  method  of  fractional  precipitation  by  ammonium  or  zinc  sulphate 
has  undoubtedly  l>een  of  the  greatest  ser\nce  in  the  study  of  the  diges- 
tive products.  Still,  the  practice  of  calling  those  products  which  can 
be  salted  out,  proteoses,  and  those  which  cannot  be  salt^  out,  peptones, 
has  letl  to  many  mistakes  antl  to  a  complete  misimderstanding  of  the 
peptone  question.  Originally  we  coasidereil  those  bodies  peptones  which 
still  had  a  positive  proteid  nature;  but  now  we  indicate  as  peptones  all 
digestive  products  wliieh  cannot  be  salted  out,  but  which  still  give  the  biuret 
reaction  (although  the  biuret  reaction  does  not  of  necessity  show  the  pro- 
teid nature  of  a  substance).    The  nature  of  these  peptones  is  still  unknown. 

It  is  also  generally  admit tetl  that  the  peptones  are  mostly  mixtures 
of  varioms  bodies,^  Only  those  peptones  isolated  by  Siegfried  and  his 
pupils  ^li'uLE,  Fr,  MrLLER,  BoEKEL,  aud  Kruger*  must  be  considered 
as  chemical  individuals.  All  these  peptones  are  acids  which  form  salts 
with  carbonates  witli  the  evolution  of  carl>cin  dioxide;  they  are  kpvortitatory 
and  have  a  constant  rotation.  T!ie  pepsin-fibrin  peptones  a  and  ^  isolated 
an<l  stu<lie<l  by  Siegfried,  ^IfHLE,  am!  Borkel  have  the  following  formulis, 
CjiIIajNjpu  and  C^iHa^XgO^o,  respectiATly.  The  ^-peptone  seems  to  be 
converted  into  a-peptone  on  splitting  off  of  water.  These  pepsin-peptones 
give  the  biuret  test  as  well  as  Millox's  reaction.  Their  sokitioas  are  not 
precipitated  by  tannic  acid^  picric  acid,  corrosive  sublimate,  phospho- 
timgstic  acid,  and  alcohol,  but  are  precipitated  by  basic  lead  acetate,  meta- 
phosphoric  acid,  or  acetic  aciil  and  potassium  ferrocyanide.  The  pepsin- 
peptone  may  be  considered  as  an  amphopeptone  in  Kuhxe's  sense,  as  in 
tr>^3sin  digestion  amino  acids  are  formed  and  all  the  tyrosin  and  arginin 
is  split  off  ami  antijieptonc  is  formed. 

The  tr}^3sin-fibrin  peptones  stuilicd  b}^  Siegfried  and  Muller  have  the 
formulsB  a,  Cj^Hj^NaOjj  and  ^^,  CnHi^NgOa.     They  have  a  different  specific 

*  The  works  of  Danielewski  and  Okunew  arc  citeLi  aad  reviewed  m  the  following: 
Sawjalow.  Pflyger^s  Arch.,  85,  and  CentralbL  f.  PhyisioL,  l(i;  Lawrow  and  SalaskiB, 
Zeitdchr.  f.  phy»ioL  Chcm.,  36;  Kurujeflf^  HofmeUter's  Beltriigc,  1  and  2;  see  also 
Saclxarow,  Biochem,  CentralbL,  1,233;  see  also  Bayer,  Hofmeister's  Beitriige,  4,  in 
regard  to  plastein. 

'See  Kutcher,  L  c. ;  Friinkd  imd  LangHtein,  Wien.  Sitzungsber.  Matk-Natunr, 
Kla£se,  110,  1901;   Pick,  Hofmeister's  Beitriige,  2, 

•Siegfried,  Arch.  f.  (Jinut  u.)  Physiol,  1S9-1;  also  Zeitschr,  f.  physiol.  Chem,,  21; 
Siegfried  and  his  pupils,  ibid,,  38, 
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loUtbn.  The  fact  that  two  different  antipeptones  are  formed  from  the 
pepsin-fibrin  peptone  shows  that  this  latter  contains  at  least  two  anti* 
groups,  and  not,  as  Kuhne  claimed,  only  one.  The  antipeptones  do  not 
give  the  biuret  test,  but  respond  to  Millon's  reaction,  and  contain  no  tyrosin 
groups.  They  are  precipitated  by  alcohol  and  are  precipitated  less  readily 
or  less  completely  by  the  reagents  which  precipitate  the  pepsin-peptones. 
They  have  a  persistent  resistance  towards  further  cleavage  by  trypsin. 
On  hydrolysis  with  mineral  acids  they  yield  arginin,  lysin,  glutamic  acid, 
and  it  seems  also  aspartic  acid.  The  quantity  of  basic  nitrogen  is  less 
than  25  per  cent  and  the  nitrogen  split  off  as  ammonia  in  antipeptone 
is  /?  16.1  and  a  21.9  per  cent  of  the  total  nitrogen. 

The.  glutin-peptones  isolated   by  Siegfried   and   KntJGER  have  the 
formulae  CjjHjgN^Oio  for  the  pepsin-glutin  peptone  and  Ci^HjoN^Oa  for 
the  /?-trypsin-glutin  peptone.    From  the  latter  Siegfried,  on  warming 
with  hydrochloric  acid,  obtained  a  base,  CjiHjjNjOg,  which  can  also  be 
(lirectly  obtained  from  gelatine,  which  is  called  a  kyrin  because  it  is  to 
be  considered  as  a  basic  protein  nucleus,  and  which  he  therefore  calls 
gluiokyrin.    The  glutok3rrin  gives  the  biuret  reaction  and  is  considered 
as  a  basic  peptone.    On  complete  hydrolytic  cleavage  it  yields  arginin, 
K'sin,  glutamic  acid,  and  a  second  amino  acid  (probably  glycocoU).    Of 
the  total  nitrogen  two  thirds  belongs  to  the  bases  and  one  third  to  the 
amino  acids.     On  hydrolysis  of  silk  fibroin  successively  with  hydrochloric 
acid,  trj'psin,  and  barium  hydrate,  E.  Fischer  *  also  obtained  peptone- 
like substances  and  finally  a  dipeptide-like  body,  probably  glycylalanin. 
On  account  of  the  cleavage  taking  place  in  digestion  the  digestive 
products  must  have  a  lower  molecular  weight  than  the  original  proteid. 
This  is  also  the  case.     The  molecular  weight  of  the  different  proteids  has 
not  been  determined  ^ith  certainty,^  but  it  is  generally  considered  as  about 
5000-7000  for  the  albumins  and  for  casein.     The  molecular  weight  for  proto- 
proteoses  was  found  by  Sabanejew  U)  be  2467-2643  and  3200  for  the 
deuteroproteoses.     The  peptones  have  a  still  lower  molecular  weight,  being 
between  400  and  250  for  the  various  peptones  (Sahankjew,  Paal,  Sjoqvist'). 
The  elementar}'  analyses  *  have  not  given  us  much  information  as  to 
the   characteristic   diflferences   between   the   various   proteoses   and   most 
so-called  peptones.    Certain  proteoses,  especially  those  that  can  be  salted 

*  Siegfried,  Kgl.  Siichs.  Ges.  d.  Wiss.  Math.  Phys.  Klasse,  1903;  Fischer,  see  Bio- 
chem.  CentralbL,  1,  84. 

^  See  especially  F.  N.  Schulz,  Die  Grosse  die  Eiweissmolekiils,  Jena,  1903. 
•Sabanejew,  Ber.  d.  d.  chem.  Gesellsch.,  26,  385;   Paal,  ibid.,  27,  1827;   Sjoqvist, 
Skand.  Arch.  f.  Physiol.,  5. 

*  Elementary  analyses  of  proteoses  and  peptones  will  be  found  in  the  works  of 
Kuhne  and  Chittenden  and  their  pupils,  cited  in  foot-note  3,  page  39;  also  by  Herth, 
Zdtachr.  f.  physiol.  Chem.,  1,  and  Monatshefte  f.  Chem.,  5;  Maly,  Pfliiger's  Arch., 
9.  20;  Henninger,  Compt.  rend.,  86;  Schrotter,  1.  c;  Paal,  1.  c. 
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out  with  difficulty,  and  the  peptones  differ  ver>^  materially  in  composition 

from  the  mother  substances  and  oft^n  have  a  lower  carbon  content. 

Besides  the  behavior  of  being  salted  out  attemfxts  have  been  made  to 
find  other  jx>iiits  of  difference  between  the  (jeptones  and  proteoses,  Schrotter 
and  Fkankel*  consider  the  sulphur  content  as  a  pronoun  red  point  of  difference. 
The  peptones,  according  to  them,  arc  free  from  sulphur,  while  the  proteoses,  on 
the  contrary,  contain  sulphur.  Frankel  has  only  been  able  to  find  one  proteose 
(in  KiJHNE'a  sense)  which  did  not  contain  sulphur. 

In  the  preparation  and  separation  of  various  proteoses  and  peptones  all 
precipitable  proteid  is  always  first  removed  by  neutralization  and  then  by 
Ixiiling,  The  proteoses  may  then  he  separated  from  the  peptones  by  nieana 
of  ammonium  sulphate  according  to  Klhne^s  method  and  divided  into 
different  fractioiLs  according  to  Pick  and  the  Hufmeister  scbocd.  The 
separation  and  preparation  of  pure  hetero-  and  protoprot^?oses  can  be 
best  performeil  by  the  method  suggested  by  Pick.*  Ah  in  the  preparation 
of  different  prote<:)ses  and  peptones  w^e  are  not  dealing  in  most  eases  with 
pure  substances,  but  with  mixtures  or  fractions  it  is  perhaps  sufficient  to 
simply  call  attention  here  to  other  methods  such  as  those  suggest-et!  by  K. 
Baumann  and  Bqmer,  P.  Miller,  Frankel,  Schrotter,  and  Paal.  The 
only  method  whicli  seenxs  thiLs  far  to  have  led  t<^  a  p\ire  preparation  of 
peptone  seems  to  be  the  iron  method  used  by  Siegfried.' 

For  the  detection  of  proteoses  and  peptones  in  animal  fliuds  we  proceed 
as  follows,  aecortliii^  to  Devotu:  The  coagidable  proteid,s  are  removed  by 
prolonged  heatijig,  and  the  solution  is  then  saturated  with  anmioniuni  sul- 
phate. True  peptones  (besides  deutero proteose  not  precipitated)  may  he 
detectefJ  in  the  coltl  filtrate  by  means  of  the  biuret  t^st.  The  proteoses 
are  contained  in  the  mixture  of  precipitate  and  salt  crystals  collected  on 
the  filter.  The  proteoses  are  dissolved  from  this  mixture  l>y  washing  with 
w^ater,  and  may  be  detected  in  the  wash-water  by  means  of  the  biuret 
test.  According  to  Hallihi-r^n  and  Culls*  traces  of  proteoses  may 
be  formal  from  other  proteids  in  this  method  !vv  prolongcfl  heating. 
As  the  best  methods  they  .suggCi^t  either  the  precipitaticni  of  the  native 
proteids  by  the  addition  of  a  10  per  cent  trichloracetic  acid  solution  or  by 
making  the  native  proteids  uisoluble  b}^  the  continiRUis  action  of  alcnhoj. 
The  last  methrMl  is  not  quite  ai^jdicaljle  to  blood'Sermn,  as  t!ie  sfw  ailed 
fibrin-fernient,  which  also  gives  the  biuret  test,  is  not  made  insoluble  b}^ 
this  procedure. 

If  a  solution  saturated  with  ammoniimi  sidphate  is  to  be  testetl  liy  the 
biuret  test,  it  must  first  be  treated  with  a  slight  excess  of  concentrated 
caustic-s»>da  solution*  keeping  the  solution  cold,  and  after  the  sodium 
sidphate  has  settled  tlie  liquid  is  treated  ^vith  a  2  per  cent  solution  of 
copper  sulphate,  drop  by  drop. 

.  Tlic  biuret  te.st  (eolorimetric)  and  the  polariscojiic  method  have  been. 

*  Schwjtter,  Monatijhcfte  f  Chem.,  14  and  lit,  Friinkel,  Zur  Kermtms  der  Zerfalla- 
produkte  dea  Eiweisa  hci  peptischcr  imd  tn^ptischer  Yerdauung,  Wien,  1896, 

*  Kuhne,  Zeitschr.  f.  Biologic,  ^S;   Pick,  t  c. 

'  Baumann  and  Bomer,  Cheni.  Centrtdld.,  IRM,  1,  r>40;  MiiUer,  Zcitifchr.  f.  ph^vsiol 
Chem.p  2G;  Frankel,  L  c,  Zur  Kenntnls,  etc.;  8cbr5tter,  Monatabefte  f.  Chem,,  14 
and  Hi;  Paal,  1.  c;  Siegfried,  1.  c, 

*  Devoto,  Zeitschr.  f.  physioL  Cliera.»  15;  Halliburton  aiid  Colls,  Joum,  of  Path, 
and  Dact.,  1805. 
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used  in  the  quantitative  estimation  of  proteoses  and  peptones.    These 
methods  do  not  yield  exact  results. 

Coagulated  Proteids.  Proteids  may  be  converted  into  the  coagulated 
condition  by  different  means:  by  heating,  by  the  action  of  alcohol,  especially 
in  the  presence  of  neutral  salts,  by  chloroform,  ether,  metallic  salts,  and  by 
the  prolonged  shaking  of  their  solutions  (Ramsden  ^),  and  in  certain  cases, 
as  m  the  conversion  of  fibrinogen  into  fibrin  (Chapter  VI),  by  the  action  of 
an  enzyme.  The  nature  of  the  processes  which  take  place  during  coagula- 
tion is  unknown.  The  coagulated  albuminous  bodies  are  insoluble  in 
water,  in  neutral  salt  solutions,  and  in  dilate  acids  or  alkalies,  at  normal 
temperature.  They  are  dissolved  and  converted  into  albuminates  by 
the  action  of  less  dilute  acids  or  alkalies,  especially  on  heating. 

Coagulated  proteids  also  seem  to  occur  in  animal  tissues.  We  find,  at 
least  in  many  organs  such  as  the  liver  and  other  glands,  proteids  which  are 
not  soluble  in  water,  dilute  salt  solutions,  or  very  dilute  alkalies,  and  only 
dissolve  after  being  modified  by  strong  alkalies. 

Appendix. 
PROTAMDfS  AJfD  HISTONS. 

I.  Protamins.  In  close  relationship  to  the  proteids  stands  a  group  of 
substances,  the  protamins,  discovered  by  Miescher,  which  are  designated 
by  KossEL  as  the  simplest  proteids  or  as  the  nucleus  of  the  protein  bodies. 
Thus  far  they  have  only  been  found  in  combination  with  nucleic  acids 
in  fish  spermatozoa.  They  diflfer  essentially  from  the  proteids  by  the 
fact  that  they  yield  chiefly  diamino  acids  (always  abundant  arginin)  as 
cleavage  products  and  only  verj''  little  monamino  acids.  They  are  strong 
basic  substances  rich  in  nitrogen  (about  30  per  cent  or  more)  and  have 
high  molecular  weight. 

Protamin  w-as  discovered  by  Miescher  ^  in  salmon  spermatozoa.  Later 
KossEL  isolated  and  studied  similar  bases  from  the  spermatozoa  of  herring, 
sturgeon,  mackerel,  and  other  fishes.  As  all  these  bases  are  not  identical, 
KossEL  uses  the  name  protamins  to  designate  the  group  and  calls  the 
individual  protamins  according  to  their  origin  salmirty  clupcin,  scombrin, 
sturin,  accipenseritij  cyclopterin,  etc. 

The  percentage  composition  of  these  bodies  has  not  been  satisfactorily 
determined.      As    probable    formula?    we    have    for    salmin    032^150X1^04 

*  Du  Bois-Reymond 's  Arch.,  1894. 

'  In  regard  to  protamins,  see  Miescher  in  the  histo-chemical  and  physiological  works 
of  Fr.  Miescher,  Leipzig,  1897;  Piccard,  Ber.  d.  deut^ch.  chera.  Gesellsch.,  7;  Schmiede- 
berg.  Arch.  f.  exp.  Path.  u.  Pharm.,  37;  Kossel,  Zeitschr.  f.  physiol.  Chem.,  22  (Ueber 
die  basischen  Stoffe  des  Zellkems)  and  25,  105  and  190,  and  Sitzungsber.  der  Gesellsch. 
2ur  Beford.  der  ges.  Xaturwiss.  zu  Marburg,  1897;  Kossel  and  Mathews,  Zeitschr.  f. 
physiol.  Chem.,  23  and  2o;  Kossel  and  Kutscher,  ibid.,  til;  Goto,  ibid.,  37;  Kurajeff, 
ibid.,  32;  3Iorkowin,  ibCd.,  28. 
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(Miescher-Schmiedeberg)  or  C^^Hj^XjyOo  (Kossel  and  Goto),  for  clupem 
t^WH«tNi/3„  and  for  slurin  C»Ha^\^Oy  (Kossel)  or  C^Hy,Ni,OB  (Goto). 
On  boiling  with  dilute  mineral  acids  as  also  by  trj^ptic  digestion  the 
protamins  first  yield  peptone-like  substances  called  protonm^  from  which 
simpler  products  are  derived  on  further  cleavage.  Salmin  and  clupein 
yield  arginin  (84,3  or  82.2  per  cent) ,  aminovalerianic  acid,  and  an  unknown 
residue.  Cyclopterin  yields  about  62.5  per  cent  arginln,  about  S  per  cent 
tyrosin,  l^eaitles  other  unknown  bodies.  Sturin  on  the  contrary'  yields  all 
three  hexon  bases,  12,9  per  cent  hisidin,  58,2  per  cent  arginin,  and  12  per 
cent  lysin.  and  Ijesides  these  an  unknown  monamino  acid.  It  contains  for 
ever\'  niolecule  of  histidin  one  molecule  of  lysin  and  four  molecules  i  4  ar^iuin. 

The  more  recent  investigations  of  Kossel  and  Kossel  and  Dx\kin  ^  on 
tbe  protamins  have  shown  that  salmin  fields  argitiin,  a-pyrrolidin  car- 
bonic acid,  aminovalerianic  acid  and  serin  as  cleavage  products.  Clupein 
yields  arginin,  aminovalerianic  acid,  serin,  and  probably  also  a-pyrrolitLin 
carbonic  acid.  The  spermat^)Zoa  of  the  carp  contain  two  different  pro- 
tamins,  a-  and  /?'C\^rinin.  The  a-cyprinin  contains  little  arginin  (4,9  per 
cent)  and  considerable  lysin  (28.8  per  cent).  The  /3-K?yprinin  is  like  the 
other  protamins,  rich  in  arginin  and  poorer  in  lysin.  It  al«o  contains 
tyrosin,  whicli  oidy  exists  in  the  flf*cypriiiin  to  a  very  trivial  extent,  and 
probably  originates  in  this  case  from  a  contamination  with  /9-cyprinin. 

Solutions  of  these  liases  in  w^ater  are  alkaline  and  ha\'e  the  property 
of  givijig  precipitates  with  ammoiiiacal  st)lutions  of  proteida  or  primary  pro- 
teoses. These  precipitates  are  considered  aa  histons  by  Kossel.  The  salts 
with  mineral  acids  are  soloble  in  water,  but  insoluble  in  alcohol  and  ether. 
They  are  more  or  less  readily  preeipitatetl  by  neutral  salts  (XaCl).  Among 
the  salts  of  the  protamins  the  sulphate^  picrate,  and  the  double-platinum 
chloride  are  the  most  important  and  are  used  in  the  preparation  of  the 
protamins.  The  protamins  are  like  the  proteids,  kevogyrate.  They  give 
the  biuret  test  beautifully,  but  w^ith  the  exception  of  cyclopterin  do  not 
give  MiLLOx's  reaction.  The  protamin  salts  are  precipitated  in  neutral 
or  even  faintly  alkaline  solutions  by  phosphotimgstic  acid,  tungstic  acid, 
picric  acid,  chromic  acid,  and  alkali  ferrocyanides. 

The  protamins  are  preparetl,  accor^ling  to  Kossel,  by  extracting  the 
heads  of  the  spermatozoa,  which  have  previously  been  extracted  with 
alcohol  and  ether,  with  dilute  sulphuric  acid  (1-2  per  cent),  filtering,  and 
prccipitatim:  with  4  vols,  of  alcohol.  The  sulphate  may  be  purified  by 
rejTCiited  solution  in  ^^'ater  and  precipitation  with  alcohol,  and  if  necesser}* 
conversion  into  the  picrate.  For  more  details  see  the  %vorks  of  Kossel. 
The  douhle-platinimi  salt  is  best  suited  for  analysis  and  can  be  obtained 
accortlino;  to  Goto  by  precipitating  the  methyl-alcohol  solution  of  the 
protamin  hydrochloride  with  platinum  chloride,  Miescher  also  precipitates 
the  base  as  a  double  platinum  salt. 
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2.  Histons  are  also  bade  proteids  which  stand  to  a  certain  extent 
between  the  protamins  and  the  true  proteids.  Their  content  of  nitrogen 
varies  between  16.5  and  19.8  per  cent  and  in  certain  instances  is  not  higher 
than  in  other  proteids,  especially  vegetable  proteids.  According  to  Kossel 
and  KuTSCHER  and  Lawrow  they  are  on  the  contrary  richer  in  basic  nitrogen 
and  especially  yield  more  arginin  than  other  proteids.  Kossel  first  isolated 
a  pecidiar  protein  substance  from  the  red  corpuscles  of  goose  blood  which 
was  precipitated  by  ammonia,  and  because  of  its  similarity  in  certain  regards 
to  the  peptones  (in  the  old  sense)  he  called  it  histon.  At  the  present  time 
a  number  of  very  different  bodies  are  described  as  histons,  such  as  those 
obtained  from  nucleohiston  (Lilienfeld),  from  haemoglobin  (globin  accord- 
ing to  Schtlz),  from  mackerel  spermatozoa  (scombron  according  to  Bang), 
from  the  codfish  (gadushiston  according  to  Kossel  and  Kutscher),  from 
the  frogs,  etc.  (lotahiston,  Ehrstrom),  and  from  the  sea-urchin  (arbacin, 
Matkews).* 

Sulphur  has  been  found  in  those  histons  in  which  it  has  been  tested  for. 
They  give  the  biuret  test,  but  as  a  rule  only  a  faint  Millon  's  reaction.  The 
goose-blood  histon  first  studied  by  Kossel  gives  the  following  three  reac- 
tions: The  neutral  salt-free  solution  first,  does  not  coagulate  on  boiling, 
second,  gives  a  precipitate  with  anunonia  which  is  insoluble  in  an  excess 
of  the  precipitant,  third,  gives  a  precipitate  with  nitric  acid  which  disap- 
pears on  heating  and  reappears  on  cooling. 

The  different  histons  behave  differently  towards  these  three  reactions, 
and  hence  they  are  not  specific.  On  the  other  hand,  all  histons  seem  to 
be  precipitated  from  neutral  solution  by  alkaloid  reagents,  and  they  also 
produce  precipitates  in  proteid  solutions.  These  two  reactions  are  also 
not  specific  for  the  histons,  as  the  protamins  have  a  similar  behavior.  The 
histons  differ  from  the  protamins  by  a  much  lower  content  of  basic  nitrogen, 
and  also  probably  by  always  containing  sulphur.  True  proteids,  as  Os- 
borne's^  edcstan,  also  give  these  two  reactions;  therefore  it  is  impossible 
by  qualitative  reactions  alone  to  identify  a  substance  as  a  histon  with 
positiveness.  The  large  content  of  basic  nitrogen  and  arginin  is  not  a 
sure  point  of  difference  between  histons  and  other  bodies.  Histon  yields 
little  more  than  40  per  cent  basic  nitrogen,  while  a  heteroproteose  yields 
about  the  same,  namely,  39  per  cent.  Histon  yields  14-15.5  per  cent 
arginin  (gadushiston),  and  the  lotahiston  only  12  per  cent.  The  plant- 
globulin  edestin '  yields  a  much  larger  amount  of  aiginin,  namely,  14.07 

*  Kossel,  Zeitschr.  f.  physiol.  Cbem.,  8,  and  Sitzungsber.  der  Gesellsch.  zur  Beford. 
d.  ges.  Wissensch.  zu  Marburg,  1897;  Kossel  and  Kutscher,  ibid.,  1900,  and  Zeitschr. 
f.  physiol.  Chem.,  31;  Lawrow,  i6i<i.,28,  and  Ber.  d.  d.  chem.  Gesellsch.,  34;  Lilienfeld, 
Zeitschr.  f.  ph3rsiol.  Chem.,  18;  Schulz,  ibid.,  24;  Bang,  ibid.,  27;  Ehrstrom,  ibid., 
32;  Mathews,  ibid.,  28. 

'Zeitschr.  f.  physiol.  Chem.,  33. 

"See  Kossel,  Ber.  d.  d.  chem.  Gesellsch.,  34,  3236. 
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per  cent.  Ulpiaxi^  has  isolated  a  protein  substance  from  the  sper- 
matozoa of  the  thynnus  vulgaris  (a  fish  similar  to  the  mackerel)  which 
stands  between  the  protaniins  and  the  hlstons.  Its  sulphate  contained 
23.94  per  cent  nitrogen.  It  gave  the  biuret  test  as  well  as  Millon's 
reaction  and  yielded  arginin  on  cleavage  with  sulphuric  acid.  Instead  of 
lysin  and  histidin  other  bases  were  present.  If  the  histons  are  inter- 
mediate bodies  between  the  protamins  and  proteids,  it  is  not  to  be  ex- 
pected that  histons  should  have  perfectly  specific  reactions,  and  for  this 
reason  it  is  hardly  possible  for  the  present  to  give  a  precise  definition  for 
the  histons. 

The  parahiston  found  by  Fleroff  in  the  th3anus  ^land  yields  so  little  basic 
nitrogen  that  it  probably  does  not  belong  to  the  histon  group  TKossel  and 

KUTSCHER  *). 

II.  Compound  Proteids. 

With  this  name  we  designate  a  class  of  bodies  which  are  more  complex 
than  the  proteids  and  which  yield  as  nearest  splitting  products  proteids 
on  the  one  side  and  non-proteid  bodies,  such  as  pigments,  carbohydrates, 
nucleic  acids,  etc.,  on  the  other.' 

The  compound  proteids  known  at  the  present  time  are  divided  into 
three  chief  groups.  These  are  the  hccmoglobins,  the  glucoproteids,  and  the 
nudcoproteids.  The  haemoglobins  will  be  treated  in  a  following  chapter 
(Chapter  VI),  on  the  blood. 

Glucoproteids  are  those  compound  proteids  which  on  decomposition 
>ield  a  proteid  on  one  side  and  a  carbohydrate  or  derivatives  of  the  same 
on  the  other,  but  no  purin  bodies.  Some  glucoproteids  are  free  from 
phosphorus  (mucin  substances,  chondroproteids,  and  hyalogens),  and 
some  contain  phosphorus  (phospho::lucoproteids). 

The  glucoproteids  free  from  phosphorus  may,  on  account  of  the  carbo- 
hydrate groups  split  off,  be  divided  into  two  chief  groups,  the  mucin  sub- 
stances and  the  chondroproteids.  The  first  yields  in  hydrolytic  cleavage 
an  amino-su^ar,  which,  with  one  exception,*  has  been  shown  to  be  glucos- 
amine. In  the  chondroproteids,  on  the  contrary,  the  proteid  is  united 
to  choTidroi tin-sulphuric  acid. 

*Gazz.  chim.  Ital.,  32.     Also  Biochem.  Centralblt.,  1. 

'  Fleroff,  Zeitschr.  f.  physiol.  Chem.,  28;  Kossel  and  Kutscher,  1.  c. 

'  Iloppe-Seyler  has  given  the  name  protelde  to  these  compound  proteids,  but  as 
this  term  is  nndsleading  in  English  we  do  not  use  it  in  English  classifications  in  this 
sense. 

<  See  Schulz  and  Ditthom,  Zeitschr.  f.  physiol.  Chem.,  29.  When  both  carbo- 
hydrate groups  are  simultaneously  combined  with  one  body,  then  we  are  not  probably 
dealing  with  a  chemical  individual,  but  rather  with  a  mixture. 
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Hudn  Substances.  These  bodies  contain  carbon,  hydrogen,  nitrogen* 
rolphur,  and  oxygen.  Compared  with  proteids  they  are  poorer  in  nitrogen, 
and  as  a  rule  have  also  considerably  less  carbon.  The  carbohydrate  complex, 
whose  nature  has  been  shown  by  the  investigations  of  Fr.  Muller  *  and 
his  pupils,  occurs,  as  it  seems,  in  the  mucin  substances,  as  a  polysaccharide, 
related  to  chitosan,  which  on  hydrolytic  cleavage  yields  glucosamine 
(clritosamine),  and,  at  least  in  most  cases,  also  acetic  acid.  The  mucin 
substances  differ  very  markedly  among  one  another,  hence  we  divide  them 
into  two  groups,  the  mucins  and  the  mucoids. 

The  true  mucins  are  characterized  by  their  natural  solution,  or  one 
prepared  by  the  aid  of  a  trace  of  alkah,  being  mucilaginous,  thread-like, 
and  giving  a  precipitate  with  acetic  acid  which  is  insoluble  in  excess  of  acid 
or  soluble  only  with  great  difficulty.  The  nmcoids  do  not  show  these 
physical  properties  and  have  other  solubilities  and  precipitation  properties. 
As  we  have  intermediate  steps  between  different  protein  bodies,  so  also 
we  have  such  between  true  mucins  and  mucoids,  and  a  sharp  line  between 
these  two  groups  cannot  be  drawn. 

It  is  just  as  difficult  at  present  to  draw  a  sharp  line  between  the  pro- 
teids and  the  mucins  or  mucoids,  since  we  have  been  able  to  split  off  carbo- 
hydrate complexes  from  several  proteids,  and  as  the  proteids  of  the  white 
of  egg  are  undoubtedly  glucoproteids.  It  is  immaterial  whether  we 
consider  these  glucoproteids  as  belonging  to  the  mucoids  or  to  a  special 
group  or  not.  From  a  comparative  chemical  standpoint  they  undoubtedly 
belong  to  the  mucoid  group,  which  occurs  in  eggs  to  a  considerable  extent. 

True  mucins  are  secreted  by  the  larger  mucous  glands,  by  certain 
mucous  membranes,  also  by  the  skin  of  snails  and  other  animals.  True 
mucin  also  occurs  in  the  navel-cord.  Sometimes,  as  in  snails  and  in  the 
membrane  of  the  frog-egg  (Giacosa  ^),  a  mother-substance  of  mucin,  a 
mucinogen,  has  been  found  which  may  be  converted  into  mucin  by  alkalies. 
Mucoid  substances  are  found  in  certain  cysts,  in  the  cornea,  the  crystalline 
lens,  white  of  egg,  and  in  certain  ascitic  fluids.  The  so-called  tendon 
mucin,  which  according  to  the  recent  investigations  of  Levene,  Cutter 
and  GiES '  contains  chondroitin-sulphuric  acid  or  a  related  substance,  cannot 
be  classified  as  a  mucin,  but  must,  like  the  chondromucoid  and  the  osseo- 
mucoid, be  classified  as  chondroproteid.  As  the  mucin  question  has  been 
ier\-  little  studied,  it  is  at  the  present  time  impossible  to  give  any  positive 
statements  in  regard  to  the  occurrence  of  mucins  and  mucoids,  especially 
as  without  doubt  in  many  cases  non-mucinous  substances  have  been  de- 
scribed as  mucins. 

*  See  Fr.  Muller,  Zeitschr.  f.  Biologie,  42,  which  contains  all  the  relative  literature, 
and  also  L.  Langstcin,  Die  Bildung  von  Kohlenhydraten  aus  EiweLss.  Ergebnisse  der 
Physiologie,  1,  Aht.  1. 

'Zeitschr.  f.  physiol.  Chem.,  7;   also  Hammarsten,  Pfliiger's  Archiv,  36. 

■  Le\'ene,  Zeitschr.  f.  physiol.  Chem.,  31;  Cutter  and  Gies,  Amer.  Jouni.  of  Physiol.,  6. 
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1.  True  Muciits.  Thus  far  wc  haA'c  beH?n  able  to  obtain  only  a  few 
mucins  in  a  pure  and  unchanged  condition,  due  to  the  reagents  used.  The 
elementar}^  analyses  of  these  mucins  have  given  the  following  results: 

C  H  N  S 

Mucin   from   niucoiis  membrane   (air- 

yju^ages) _ 48,26  6,91  10.7  1.4       (Fr.  MCtxrr) 

Mucin  fnim  .submaxillary * ...  48 . 84  B.80  12 .32  0 .84     i Hamm\r.sten) 

MuciD  from  snail.  .  . . .  /. 50.32  6.84  13.65  1 .75     (IlAMMJiRSTiLM  *) 

ili'LLKR  obtained  35  per  cent  glucosamine  from  mueous-membraae 
mucin  and  23.5  per  t-ent  from  the  submaxillar}'  mucin. 

By  the  action  of  .superheated  steam  on  mucin  a  carbohydrate,  animal 
gum  (Landwehk),  is  split  off.  This  ha.s  not  been  substantiated  by  other 
investigators,  such  as  Folix  and  F.  MOlleu,"  lastead  of  a  iiun-riitrogenous 
gum  a  nitrogenous  carbohydrate  derivative  was  always  obtjiined. 

On  boiling  mucin  with  dOute  mineral  acids,  acid  albuminate  and  I  todies 
similar  to  protco.sej>  are  obtained ,  besi<les  a  reducing  sul>stance  which  is 
not  free  glucosamine  (Steudel).'  By  the  action  of  stronger  acicLs  we 
obtain  among  other  bodies  leuciii,  tyrosin,  and  lexoilijiic  acid.  Certain 
mucins,  as  the  submaxillar^^  mucin,  are  easily  changerl  by  ver>*  dilute 
alkalies,  as  lime-water,  while  others,  such  as  tendon-raucin,  are  not  affet^ted. 
If  a  stmng  caustic-alkali  solution,  as  a  5  per  cent  KOI  I  solution,  b  allowed 
to  act  on  submaxOlarv  mucin,  we  obtain  alkali  albuminate,  bodies  similar 
to  proteose  and  peptone,  an<l  one  or  more  substances  of  an  acid  reactioa 
and  with  stnmg  reducing  powcre. 

In  one  ov  the  other  res[>ect  the  various  mucins  act  somewhat  dissimilarly. 
For  example,  the  snail  and  sputum  mucins  are  insoluble  in  dilute  hydro- 
chloric acid  of  1-2  p.  m.,  while  the  mucin  of  the  submaxillar}^  gland  and 
the  navelH?ord  are  soluble.  The  first  become  flaky  with  acetic  acid, 
while  the  submaxillary  mucin  is  precipitateil  in  more  or  less  fibrous,  tough- 
masses.     Still  all  the  mucins  have  certa  ii  reactions  in  common. 

In  the  dry  state  mucin  forms  a  whit^^  t^r  \'cllo wish-gray  powder.  WTien 
moist  it  forms,  on  the  contrary,  flakes  or  yellowish-white  tough  lumps  or 
masses.  Tlie  mucins  arc  acid  in  reaction.  They  give  the  color  reactions  of 
the  proteids.  Tlicy  are  not  soluble  in  water,  but  may  give  a  neutral  .solu- 
tion T\*ith  water  and  the  smallest  quantity  of  alkali.  Such  a  .solution  doea 
not  coagulate  on  boiling,  while  acetic  acid  gives  at  the  normal  t4^mi:)erature 
a  precipitate  which  is  nearly  insoluble  in  an  excess  of  the  j^recipltant.  T 
5-10  per  cent  NaCl  l>e  adde<l  to  a  mucin  solution,  this  can  now  be  carefully 
acidified  with  acetic  acid  without  giWng  a  precipitate.    Such  acidifies!  so'u- 

*  Fr,  Miiller,  Zeitschr.  f.  Bialogie,  42;   Ilammaraten,  Pfliiger's  .\rch.,  M 

'  Landwehr,  Zeitschr.  f.  physiol.  Chem.,  H,  i»;  id^  P.1uger*8  Anh,,  39  .^nd  441; 
Folin,  Zeitschr.  f.  physiol.  Cbem.,  23;  Fr.  MiUler,  Sitzungsber.  d.  Gesellsch,  zur  Beford. 
d  gesamme.  Naturwisa.  zu  xMiirburg,  1S96. 

•  Z^it^chr.  I  physioL  Cbem.,  34. 
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tions  are  copiously  precipitated  by  tannic  acid;  with  potassium  ferrocyanide 
they  give  no  precipitate,  but  on  sufficient  concentration  they  become  thick 
or  viscous.  A  neutral  solution  of  mucin-alkali  is  precipitated  by  alcohol 
in  the  presence  of  neutral  salts;  it  is  also  precipitated  by  several  metallic 
salts.  If  mucin  is  heated  on  the  wat^r-bath  vni\i  dilute  hydrochloric  acid 
of  about  2  per  cent,  the  liquid  gradually  becomes  a  yellowish  or  dark  browTi 
and  reduces  cuprous  oxide  from  alkaline  solutions. 

The  mucin  most  readily  obtained  in  large  quantities  is  the  submaxillary 
mucin,  which  may  be  prepared  in  the  following  way:  The  filtered  watery 
extract  of  the  gland,  free  from  form-elements  and  as  colorless  as  possible, 
is  treated  with  25  per  cent  hydrochloric  acid,  so  that  the  liquid  contains 
1.5  p.  m.  HCl.  On  the  addition  of  the  acid  the  mucin  is  immediately  pre- 
cipitated, but  dissolves  on  stirring.  If  this  acid  liquid  is  immediately 
diluted  with  2-3  vols,  of  water,  the  mucin  separates  and  may  be  purified 
by  redlssolving  in  1-5  p.  m.  acid,  and  diluting  with  water  and  washing  there- 
with. The  mucin  of  the  navel-cord  may  be  prepared  in  the  same  way.^  As 
a  rule  the  mucins  can  be  prepared  by  precipitation  with  acetic  acid  and 
rep«ited  solution  in  dilute  lime-water  or  alkali  and  reprecipitation  \vith 
acetic  acid.  Finally  they  are  treated  with  alcohol  and  ether.  In  the 
preparation  of  sputum  mucin  a  very  complicated  method  is  necessary 
(Fr.  Muller). 

2.  Mucoids  or  Mucinoids.  In  this  group  we  must  include  those  non- 
phosphorized  glucoproteids  which  are  neither  true  mucins  nor  chondro- 
proteids  even  though  they  show  amongst  themselves  such  a  diflference  in 
behavior  that  they  can  be  divided  into  several  subgroups  of  mucoids. 
To  the  mucoids  belong  psevdomiLcin,  the  probabh^  related  body  colloid^ 
ovomucoid,  and  other  bodies,  which  on  account  of  their  differences  will  be 
best  treated  individually  in  their  respective  chapters. 

Hyalogcns.  Under  this  name  Krukenberg^  has  designated  a  number  of 
differing  bodies,  which  are  characterized  by  the  following:  By  the  action  of 
alkalies  they  change,  with  the  splitting  off  of  sulphur  and  some  nitrogen,  into 
soluble  nitrogenized  products  called  by  him  hyalines  and  which  yield  a  ])ure  car- 
bohydrate by  further  decomposition.  We  find  that  very  heterogeneous  substanocs 
are  included  in  these  groups.  Certain  of  these  hyalogcns  seem  undoubtedly 
to  be  glucoproteids.  Neossin  *  of  the  Chinese  edible  swallow's-nest,  meinhranin  * 
of  Descemet's  membrane  and  of  the  capsule  of  the  cr\\stalline  lens,  and  sjtiro' 
graphin^  of  the  skeletal  tissue  of  the  worm  Spiropraphis  seem  to  act  as  such. 
Others  on  the  contrary,  such  as  hyalin  "  of  the  walls  of  hydatid  cysts,  onuphin  ^ 

'  The  author  has  not  been  able  to  obtain  this  pure,  so  the  analysis  is  not  given  in 
the  previous  table  of  the  mucins. 

'A'erh.  d.  physik.-med.  Gesellsch.  zu  AViirzburg,  1883;  also  Zeitschr.  f.  Biologic,  22. 

'  Krukenberg,  Zeitschr.  f.  Biologic,  22. 

*C.  Th.  Momer,  Zeitschr.  f.  physiol.  Chem.,  18. 

'Krukenberg,  Wurzburg,  Verhandl.  1883;  also  Zeitschr.  f.  Biologic,  22. 

•A.  Liicke,  Virchow's  Arch.,  19;  also  Krukenberg,  Vergleichende  physiol.  Stud., 
Series  land  2,  1881. 

'  Schmiedeberg,  Mitth.  aus  d.  zool.  Stat,  zu  Neapel,  3,  1882. 
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from  the  tubes  of  Onuphis  tubicola,  do  not  seem  to  be  compound  proteids.  The 
so-called  mucin  of  the  holothurcs,^  and  chandrosin*  of  the  sponge,  Chondroma 
reniformis,  and  others  may  also  be  classed  with  the  hyalogens.  As  the  various 
bodies  designated  by  Krukenberg  as  hyalogens  are  very  dissimilar,  it  is  not 
of  much  imix)rtance  to  arrange  these  in  special  groups. 

3.  Chondroproteids  are  those  glucoproteids  which  as  closest  cleavage 
products  yield  proteid  and  an  ethereal  sulphuric  ac.d  eoutaining  a  carbo- 
hydrate, chondroUin-suIphunc  acid.  Chondromucoidj  occurring  in  cartilage, 
is  the  best  example  of  this  group.  Amyloid  occurring  under  pathological 
conditions  also  belongs  to  this  group.  On  account  of  the  property  of  chon- 
droitin-sulphuric  acid  of  precipitating  proteid  it  is  also  possible  that  under 
certain  circumstances  combinations  of  this  acid  with  proteid  may  be  pre- 
cipitated from  the  urine  and  be  considered  as  chondroproteids. 

The  chondromucoid,  the  so-called  tendon-mucin,  and  the  osseomucoid 
have  greatest  interest  as  constituents  of  cartilage,  of  the  connective  tissues, 
and  of  the  bones,  and  on  this  accoimt  these  bodies  and  their  cleavage  pnxi- 
nct,  chondroitin-sulphuric  acid,  will  be  treated  in  a  following  chapter  (X). 
On  the  contrary',  amyloid,  which  has  always  been  considered  in  connection 
with  the  protein  substances,  will  be  described  here. 

Amyloid,  so  called  by  Virchow,  is  a  protein  substance  appearing  under 
pathological  conditions  in  the  internal  organs,  such  as  the  spleen,  liver,  and 
kidneys  as  infiltrations;  and  in  serous  membranes  as  granules  with  con- 
centric layers.  It  probably  also  occurs  as  a  constituent  of  certain  prostate 
calculi.  The  chondroproteid  occurring  imder  physiological  conditions  in 
the  walls  of  the  arteries  is  perhaps,  according  to  Ivrawtcow,  very  nearly 
related  to  the  amyloid  substance  even  if  not  identical. 

Amyloid  was  first  prepared  pure  recently  by  Krawkow.  The  sub- 
stance prepared  by  him  contained  C  48.86-^6.38;  H  6.65-7.02;  N  13.79- 
14.07;  and  S  2.65-2.89  per  cent.  Phosphorus  does  not  occur  in  the  pure 
substance.  It  splits,  by  the  action  of  alkali,  into  proteid  and  chondroitin- 
sulphuric  acid  (see  Chapter  X)  and  according  to  Krawkow  is  therefore 
perhaps  an  ester-like  combination  of  this  acid  with  proteid.  According 
to  MoN^RY '  amyloid  on  the  contrary  contains  phosphorus.  According 
to  him  the  proteid  component  is  a  nuclein  substance  and  the  other  com- 
ponent is  not  identical  with  chondroitin-sulphuric  acid. 

Amyloid  is  an  amorj^hous  white  substance,  insoluble  in  water,  alcohol, 
ether,  dilute  hydrochloric  and  acetic  acids.  It  is  soluble  in  concentrated 
hydrochloric  acid  or  caustic  alkali  with  decomposition.  On  boiling  with 
dilute  hydrochloric  acid  it  yields  sulphuric  acid  and  a  reducing  substance. 
It  is  not  dissolved  by  gastric  juice  according  to  Krawkow  and  most  older 

*  Ililger,  Pflijgcr's  Archiv,  3. 
'  Krukenberg,  Zeit^jchr.  f.  Biologic,  22. 

'  Krawkow,  Arch.  f.  exp.  Path.  u.  Pharm.,  40,  which  contains  the  literature;  Mon^ry, 
Compt.  rend.  soc.  biol.,  54. 
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statements.  It  is  nevertheless  changed  so  that  it  is  soluble  in  dilute  ammo- 
ma,  while  the  genuine  t>T)ical  amyloid  is  insoluble  therein.  Amyloid 
pves  the  xanthoproteic  reaction  and  the  reactions  of  Millon  and  Adam- 
KiEWicz.  Its  most  important  property  is  its  behavior  with  certain  coloring 
matters.  It  is  colored  reddish  brown  or  a  dingy  violet  by  iodine;  a  violet 
or  blue  by  iodine  and  sulphuric  acid ;  red  by  methylaniline  iodide,  espe- 
dally  on  the  addition  of  acetic  acid;  and  red  by  aniUne  green.  Of  these 
color  reactions  those  with  aniline  dyes  are  the  most  important.  The  iodine 
reaction  appears  less  constant  and  is  greatly  dependent  upon  the  physical 
condition  of  the  amyloid.  The  color  reactions  are  dependent  upon  the 
presence  of  the  chondroitin-sulphuric  acid  component. 

The  preparation  of  amyloid  may  be  performed  as  follows  according 
to  Krawkow:  The  finely  divided  organ  is  exhausted  first  with  water 
and  then  with  dilute  ammonia,  which  leaves  the  insoluble  amyloid  and 
removes  the  free  or  the  combined  chondroitin-sulphuric  acid  besides  other 
substances.  The  product,  after  being  washed  with  water,  is  digested  with 
pepsin  for  several  days  at  38®  C.  The  residue,  after  washing  with  hydro- 
chloric acid  and  water,  is  dissolved  in  dilute  ammonia,  filtered,  again  pre- 
cipitated with  dilute  hydrochloric  acid,  dissolved,  if  necessary,  in  ammonia, 
precipitated  a  second  time  with  hydrochloric  acid,  washed  with  water,  the 
precipitate  dissolved  in  baryta-water,  which  leaves  the  nucleins  undis- 
solved, and  the  barium  filtrate  precipitated  with  hydrochloric  acid,  and 
then  washed  with  water,  alcohol,  and  ether. 

Phosphoglucoproteids.  This  group  includes  the  phosphorized  glucoproteids. 
They  yield  no  xanthine  substances  (nuclein  bases)  as  cleavage  products.  They 
are  not  nucleoproteids  and  therefore  they  must  not  be  considered  together 
with  the  gluconucleoproteids  (nucleoglucoproteids)  or  mistaken  for  them.  On 
pepsin  diTestion  they  may  like  certain  nucleoalbumins  yield  pseudonuclein, 
but  they  differ  from  the  nucleoalbumins  in  that  they  yield  a  reducing  substance 
on  boiling  with  dilute  acid.  They  differ  from  the  gluconucleoproteids  in  that 
they  do  not,  as  above  mentioned,  yield  any  xanthine  bodies. 

Only  two  phosphorized  glucoproteids  are  known  at  the  present  time,  namely, 
ichthulin,  occurring  in  carp  eggs  and  studied  by  Walter  ^  and  which  was  con- 
sidered as  a  vitellin  for  a  time.  Ichthulin  has  the  following  composition:  C  53.52; 
H  7.71;  N  15.64;  S  0.41;  P  0.43;  Fe  0.10  per  cent.  In  regard  to  solubilities  it 
is  similar  to  a  globulin.  Walter  has  prepared  a  reducing  substance  from  the 
paranuclein  of  ichthulin  which  gave  a  very  crystalline  combination  with  phenyl- 
hyrlnizin. 

Another  phosphoglucoproteid  is  hcUcoproteid,  obtained  by  HammArsten  ' 
from  the  glands  of  the  snail  Helix  pomatia.  It  has  the  following  composition: 
C 46.99;  M  6.78;  N  6.08;  S  0.62;  P  0.47  per  cent.  It  is  converted  into  a  gummy, 
lapvorotatory  carbohydrate,  called  animal  sinistriny  by  the  action  of  alkalies 
On  boiling  with  an  acid  it  yields  a  dextrorotatory  reducing  substance. 

The  compound  proteid  found  by  Schulz  and  Ditthorn  '  in  the 
spawn  of  the  frog  probably  belongs  to  this  group,  but  it  does  not  yield 
glucosamine  but  gives  galactosamine  on  cleavage. 

*  Zeitschr.  f.  physiol.  Chem.,  16. 

» Pfliiper's  Arch.,  36. 

■  Zeitschr.  f.  physiol.  Chem.,  29. 
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Niicleoproteids.  With  this  n^me  we  designate  those  compound  prt>- 
teids  which  yield  tnie  nucleins  (see  Giapter  Y)  on  pepsin  digestion  and 
on  treatment  with  dilute  caustic  alkali  yield  on  cleavage  proteid  and  nucleic 
acid. 

The  nucleoproteids  seem  to  be  widely  diffused  in  the  animal  body. 
They  occur  chiefly  in  the  cell-nuclei,  but  they  also  often  occur  in  the  proto- 
plasm. They  may  pass  into  the  animal  fluids  on  the  destruction  of  the 
cells,  hence  nucleoproteids  have  also  been  found  in  blood-serum  and  other 
fluids. 

They  may  be  considered  as  combinations  of  a  proteid  nucleus  with  a  side 
chain,  which  Kossel  calls  the  prostetic  group,  Tliis  side  chain,  which 
contains  the  phosphorus^  may  be  split  off  as  nucleic  acid  (see  Chaptx?r  \)  on 
treatment  with  alkali.  As  w^e  have  several  nucleic  acids,  it  followTS  that  we 
must  have  different  nucleoproteids,  depending  upon  the  nucleic  acid  united 
with  the  proteid.  Certain  nucleic  aci<ls  contuin  a  readily  splitofT  sugar 
(pentose  or  hexose),  others,  on  the  contrary,  not.  In  the  first  case  we 
obtain  from  the  corrasponding  nucleoproteid  a  reducing  sugar  on  boiling 
wuth  dilute  mineral  acid,  while  in  the  other  case  tliis  is  not  possible.  This 
different  behavior  may  be  accounted  for  by  a  special  group  of  nucleopro- 
teids, the  glue o nucleoproteids  or  nucleoglucoproteids.  Such  gluconucleo- 
proteids  yielding  pent^jses  occur  in  yeast-cells,  and,  as  it  appears,  are  widdy 
distributed  in  the  animal  organism  (Blumenthal,  Grund  *)< 

The  native  nucleopmteifk  contain  a  variable  but  not  a  high  percentage 
of  phosjihorus,  which  Halliburton  ^  found  to  vary  between  0.5  per  cent 
and  L6  per  cent.  On  heating  their  solutions,  as  well  as  by  the  aetion  nf 
dilute  acids,  a  modification  of  the  compound  proteid  takes  place  and  nucleo- 
proteids of  stmng  acid  character,  poorer  in  proteid  but  richer  m  phosphoniS| 
are  formed.  The  native  nucleoproteids  have  faint  acid  properties  and  are 
insolubJc  in  wat-er,  but  their  alkali  combinations,  which  are  soluble  in  w^ater, 
split  on  heating  their  solution  into  coagulated  proteid  and  a  nucleoproteid 
rich  in  phosjihonis,  which  remains  in  solution.  In  peptic  digestion  they 
yield  so-called  true  nuclein,  which  is  also  a  nucleoproteid  poor  in  proteid. 
The  proteid  can  be  precipitated  by  acetic  acid  from  its  alkali  combination, 
and  the  precipitate  dissolves  with  more  or  less  readiness  in  an  excess  of 
the  acid.  A  confusion  may  occur  here  with  nucleoalbumins  and  also  with 
mucin  substances.  This  confusion  may  be  avoided  by  wanning  the  body 
for  some  time  on  the  water-bath  with  dilute  sulphuric  acid,  nearly  neu- 
tralizing the  boiling-hot  fluid  with  barium  hydrate,  filtering  as  quickly  as 
possible  while  boiling  hot,  supersaturating  the  filtrate  with  ammonia,  and 

'  Blumenthal,  Berlin,  klin,  Wochenschr.,  1S97,  and  Xeltschr  f.  klin,  Hed.,  81; 
Gnind,  Zeitachr.  f.  physioL  Cbem.,  3a.  S«e  alao  Bendix  and  Ebstein,  Zeitackr.  f. 
allgem,  Ph^^a.*  2. 

'  Joura.  of  Physiol.^  Hi 
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then  on  cooling  (when  a  precipitate  consisting  of  guanine  is  filtered  off  and 
specially  tested)  testing  for  xanthine  bodies  by  an  ammoniacal  silver  nitrato 
solution.  Any  precipitate  formed  is  examined  more  closely  by  the  method 
as  given  in  Chapter  V.  The  nucleoproteids  give  the  color  reactions  of 
Uie  proteids,  but  those  which  have  been  investigated  are  dextrorotatory 
and  not  laevorotatory  (Gamgee  and  Jones  ')• 

The  properties  of  the  various  nucleoproteids  are  given  in  detail  in  the 
various  chapters  which  follow. 

III.  Albumoids  or  Albuminoids. 

Under  this  name  we  collect  into  a  special  group  all  those  protein  bodies 
which  cannot  be  placed  in  either  of  the  other  two  groups,  although  they 
differ  essentially  among  themselves  and  from  a  chemical  standpoint  do  not 
show  any  radical  difference  from  the  true  proteid  bodies.  The  most  im- 
portant and  abundant  of  the  bodies  belonging  to  this  group  are  important 
constituents  of  the  animal  skeleton  or  the  cutaneous  structure.  They  occur 
as  a  rule  in  an  insoluble  state  in  the  organism,  and  they  are  distinguished 
in  most  cases  by  a  pronounced  resistance  to  reagents  which  dissolve  proteids 
or  to  chemical  reagents  in  general. 

The  Keratin  Group.  Keratin  is  the  chief  constituent  of  the  homy 
structure,  of  the  epidermis,  of  hair,  wool,  of  the  nail,  hoofs,  horns,  feathers, 
of  tortoise-shell,  et<;.,  etc.  Keratin  is  also  found  as  neurokeratin  (KCthxe) 
in  the  brain  and  ner\'es.  The  shell-membrane  of  the  hen's  egg  seems 
also  to  consist  of  keratin,  and  according  to  Neumeistkr  *  the  organic 
matrix  of  the  egg-shells  of  various  vertebrate  animals  belongs  in  most 
cases  to  the  keratin  group. 

It  seems  that  there  exist  a  number  of  keratins,  and  these  form  a  special 
group  of  bodies.  This  fact,  together  with  the  difficulty  in  isolating  the 
keratin  from  the  tissues  in  a  pure  condition  without  a  partial  decomposi- 
tion, is  sufficient  explanation  for  the  variation  in  the  clementar}-  composition 
given  below.  As  examples  the  analyses  of  a  few  tissues  rich  in  keratin  and 
of  keratins  are  given  as  follows:  ^ 

C  H  N  SO 

Human  hair. ..  .  50.65  6.36  17.14  5.00   20.85  (v.  Laar) 

XaU 51.00  6.94  17.51  2.80   21.75  (Mulder) 

Neurokeratin  .  . .  56.11-58.45  7.26-8.02  11.46-14.32  1.63-2.24  ....  (KChne) 

Horn  (average). .  50 .  86  6 . 94  3 . 20      (Horbaczewski) 

TortoLie-shell.  .  .  54.80  6.56  16.77  2.22    19.56  (Mulder) 

SheU-membrane.  49.78  6.94  16.43  4.25   22.90  (Lindvall) 

'  Hofmelster's  Beitriige,  4. 

'Kiihne  and  Ewald,  Verh.  d.  naturhistor.-med.  Vereins  zu  Heidelberg  (X.  F.),  1; 
alaoKuhne  and  Chittenden,  Zeitschr.  f.'Biologie,  26;  Neumeister,  ibid.f  31. 

'v.  Laar,  Annal.  d.  Chem.  u.  Pharm.,  45;  Mulder,  Versuch  einer  allgem.  physioL 
Chem.,  Braunschweig,  1844-51;  Kiihne,  Zeitschr.  f.  Biologic,  26;  Horbaczewski,  see 
Drechsel  in  Ladenburg's  Handworterbuch  d.  Chem.,  3;  Lindvall,  Maly's  Jahres- 
bericht,  1881. 
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Mgfhti  ^  has  determined  the  quantity  of  sulphur  in  various  kereitin  sub- 
Btances,  Sulphur  is  in  great  part  in  loose  combination,  and  it  is  chiefly 
removed  by  the  action  of  alkalies  (as  sulphides),  or  inileed  in  part  by  boiling 
witli  water.  Combs  of  lead  after  long  usage  bet^omc  black,  an  J  this  is  due 
to  the  action  of  the  sulphur  of  the  hair.  On  heating  keratin  with  water  in 
sealed  tubes  to  a  temjieratiire  of  150*^  C.  or  higher,  it  dissolves,  with  the 
climijiation  of  sulphuretted  hydrogen  or  mercaptan  (Bauer),  and  the 
solution  contains  proteosc^like  substances  (Krukenberg)  and  called  atmid- 
keratin  and  aimidkemiose  by  Bauer./'  Keratin  is  dissolved  by  alkalieSj 
especially  on  warmitig,  producing  besides  alkali  sulpliides  also  proteose  sub- 
stances. 

Besides  the  well-known  cleavage  products  such  as  leucin,  aspartic  acid, 
glutamic  acid^  argiuin,  and  lysin,  Fischer  and  Dorpinghaus'  have  re- 
cently found  glycoeoll,  alanin,  a -amino  valerianic  acid,  a-pjTohdin  car- 
bonic acid,  serin,  phenylalanine  and  pyrrolidon  carbonic  acid  (secondary 
froni  glutamic  acid)  among  the  cleavage  )>n)ducts  of  horn  substances. 
Emmerlixg  claims  to  have  found  cystin  as  a  sulphurized  cleavage  product, 
but  K,  MoRNER  *  has  recently  positively  proven  that  cystin  exists  as  an 
important  cleaviige  pnjduct,  Morner  obtainetl  from  ox-horn,  human 
luiir,  and  the  shell-membrane  of  the  hen  s  egg  6.8,  13.92,  and  7.62  per 
cent  cystin  calculated  on  the  dry  substance.  From  the  amount  of 
sulphur  split  off  by  alkali,  he  concludes  that  at  least  in  ox-horn  and 
human  hair  all  the  sulphur  exists  as  cystin.  Suter,  and  after  him 
Friedmanx,*  have  obtained  a-thiolactic  acid  as  a  hydrolytic  cleavage 
pnjduct  of  the  keratin  substances.  The  last-mentioned  investigator 
was  also  able  t^i  detect  thioglycoUc  acid  in  the  cleavage  products  of 
wool. 

Bodies  occur  in  the  animal  kingdom  which  form  to  a  certain  extent 
intermediate  bodies  between  coagulated  proteid  and  keratin.  C.  Tb. 
JVIoRNER  *  hiis  detected  such  a  body  (cdbunioid)  in  the  tracheal  cartdage, 
which  forms  a  net-like  trabecular  tissue.  This  suijstance  ai>pears  to  be 
related  to  the  keratins  on  acroimt  of  its  solubiHtics  and  the  quantity 
of  the  sulphur  {lead-blackening)  it  contains,  w^hile  accordmg  to  its 
solubility  in  giistric  juice  it  must  stand  close  U)  the  pmteiils.  .\nother 
substance,  more  similar  to  keratin,  is  the  honiy  layer  in  the  gizzard  of 


*  Zeitschr.  f.  physiol  Cbem.,  20. 

'  Krukenherg,  UiiterHuch.  iiber  d.  chem.  Bau  d.  Eiweisskorper.  Sitzungsber.  d, 
JetwL^chiin  Geselbch.  f.  Med.  u.  Natunvissetiach.^  18S6;  Bauer,  Zeitschr,  f,  physioL 
Chem.,  ;J5. 

'  Zeitschr.  f.  physiol  Chem.,  UC,  which  contains  also  the  older  literature. 

*M6mcrp  ihid.,  M;   Emmerliiip;,  llet  in  Cheiniker  Zeitung,  1894. 

•Suter.  Zeitachr.  f.  phydioL  Cliem.,  20;   Friedmiinn,  Uofineiater's  Beitrage,  E. 

•See  Maty 'a  Jatiresber.,  18. 
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biids.  According  to  J.  Hedenius  ^  this  substance  is  insoluble  in  gastric 
or  pancreatic  juice  and  acts  quite  like  keratin.  It  contains  only  1  per 
cent  sulphur  and  yields  on  decomposition  only  very  little  tyrosin  besides 
considerable  leucin. 

Keratin  is  amorphous  or  takes  the  form  of  the  tissues  from  which  it  wa» 
prepared.  On  heating  it  decomposes  and  generates  an  odor  of  burnt  horn. 
It  is  insoluble  in  water,  alcohol,  or  ether.  On  heating  with  water  to  150®— 
20(f  C.  it  dissolves.  It  also  dissolves  gradually  in  caustic  alkalies,  espe- 
cially on  heating.  It  is  not  dissolved  by  artificial  gastric  juice  or  by  tryp- 
an solutions.  Keratin  gives  the  xanthoproteic  reaction,  as  well  as  the 
reaction  with  Millon's  reagent,  although  not  always  typical. 

In  the  preparation  of  keratin  a  finely  divided  homy  structure  is  treated 
finst  with  boiling  water,  then  consecutively  with  diluted  acid,  pepsin- 
hydrochloric  acid,  and  alkaline  trypsin  solution,  and,  lastly,  with  water^ 
alcohol,  and  ether. 

Elastin  occurs  in  the  connective  tissue  of  higher  animals,  sometimes  ia 
such  large  quantities  that  it  forms  a  special  tissue.  It  occurs  most  abun- 
dantly in  the  cervical  ligament  (ligamentum  nuchae). 

Elastin  used  to  be  generally  considered  as  a  sulphur-free  substance. 
According  to  the  investigations  of  Chittenden  and  Hart,  it  is  a  question 
whether  or  not  elastin  does  not  contain  sulphur,  which  is  removed  by  the 
action  of  the  alkali  in  its  preparation.  H.  Schwarz  has  been  able  to 
prepare  an  elastin  containing  sulphur  from  the  aorta  by  another  method,. 
and  this  sulphur  can  be  removed  by  the  action  of  alkalies,  without  changing 
the  properties  of  the  elastin,  and  recently  Zoja,  Hedin  and  Bergh,  Richards- 
and  GiES  '  have  found  that  elastin  contains  sulphur.  The  most  trusts 
worthy  analyses  of  elastin  from  the  cervical  ligament  (Nos.  1  and  2)  and 
from  the  aorta  (No.  3)  have  given  the  following  results,  which  seem  to 
compare  well  with  each  other. 

C  H         N  S          O 

1.  54 .32  6.99  16.75  21 .94  (HoRn.\czEWSKi ') 

2.  54 .  24  7 .  27  16 .  70  21 .  79  (Chittenden  and  Hart) 

3.  53.96  7.03  16.67  0.38  (H.  Schwarz) 

Zoja  found  0.276  per  cent  sulphur  and  16.96  per  cent  nitrop-en  in  elastin. 
Hedix  and  Bergh  found  different  quantities  of  nitrogen  in  aorta-elastin, 
depending  upon  whether  IIoRnACZEWSKi 's  or  Schwarz 's  method  was 
used  in  its  preparation.     In  the  first  case  they  found  15.44  per  cent  nitro- 


'Skan.  Arch.  f.  Physiol.,  3. 

'Chittenden  and  Hart,  Zeitschr.  f.  Biologic,  25;  Schwarz,  Zeitschr.  f.  physioL 
Chem.,  18;  Zoja,  ibid.,  23;  Bergh,  ibid.,  25;  Iledin,  ibid.;  Richards  and  Gies,  Amer. 
Joum.  of  PhysioL,  7. 

'  Horbaczewski,  Zeitschr.  f.  physiol.  Chem.,  6. 
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gen  and  0.65  per  cent  sulphur,  and  in  the  other  14.67  per  cent  nitrogeD 
and  0.66  per  cent  sulphur.  Richards  and  Gies  found  0.14  per  cent  sulphur 
and  16.87  per  cent  nitrogen  in  elastin.  Abundant  leucin,  but  very  little 
tyrosin,  some  glycocoll,  and  perhaps  aminovalerianic  acid,  but  no  aspartlc 
acid  or  glutamic  acid,  are  obtained  amongst  the  hydrolj'tic  cleavage  prod- 
ucts of  elastin.  The  three  hexon  bases  have  been  obtained,  but  only  in 
very  small  amounts,  so  that  the  basic  nitrogen  only  represents  3.34  per 
-cent  of  the  total  nitrogen  (Richards  and  Gies).  This  fact  and  the  very 
low  sulphur  content  make  it  questionable  whether  the  elastin  is  a  unit 
l)ody. 

On  putrefaction  by  anaerobic  micro-organisms  Zoja  found  carbon 
dioxide,  hydrogen,  methane,  mercaptan,  butyric  acid,  valerianic  acid, 
ammonia,  and  possibly  also  phenylpropionic  acid  and  aromatic  oxyacids. 
Indol  and  skatol  have  not  been  found  in  putrefaction,  but  Schwarz,*  on 
the  contrary,  obtained  indol,  skatol,  benzene,  and  phenols  on  fusing  aorta- 
clastin  with  caustic  potash.  On  heating  with  water  in  closed  vessels, 
on  boiling  with  dilute  acids',  or  by  the  action  of  proteolytic  enzymes,  the 
elastin  dissolves  and  splits  into  two  chief  products,  called  by  Horbac- 
ZEWSKi  hemielastin  and  elastinpeptone.  According  to  Chittenden  and 
Hart,  these  products  correspond  to  two  proteoses  designated  by  them 
jrrotodastose  and  deuieroelastose.  The  first  is  soluble  in  cold  water  and 
separates  on  heating,  and  its  solution  is  precipitated  by  mineral  acids  as 
well  as  by  acetic  acid  and  potassium  ferrocyanide.  The  water  solution  of 
the  other  does  not  become  cloudy  on  heating,  and  is  not  precipitated  by 
the  above-mentioned  reagents.  According  to  Richards  and  Gies  elastoses, 
especially  protoelastoscs,  and  true  peptone  are  formed,  the  latter  only  to  a 
slight  extent. 

Pure  elastin  when  dry  is  a  yellowish-white  powder;  in  the  moist  state  it 
appears  like  yellowish-white  threads  or  membranes.  It  is  insoluble  in 
water,  ■  alcohol,  or  ether,  and  shows  a  resistance  against  the  action  of 
chemical  reagents.  It  is  not  dissolved  by  strong  caustic  alkalies  at  the 
ordinary'  temperature  and  only  slowly  at  the  boiling  temperature.  It  is 
very  slowly  attacked  by  cold  concentrated  sulphuric  acid,  and  it  is  relatively 
easily  dissolved  on  warming  with  strong  nitric  acid.  Elastins  of  differing 
ori.';ins  act  differently  with  cold  concentrated  hydrochloric  acid;  for  instance, 
elastin  from  the  aorta  dissolves  readily  therein,  while  elastin  from  the 
li;ramentum  nuchas,  at  least  from  old  animals,  dissolves  with  difficulty. 
Elastin  is  more  readily  dissolved  by  warm  concentrated  hydrochloric  acid. 
It  responds  to  the  xanthoproteic  reaction  and  with  Millox's  reagent. 

On  account  of  its  great  resistance  to  chemical  reagents,  elastin  may  be 
prepared  (best  from  the  li^anientum  nuchir)  in  the  following  way:    First 

*See  Walclili,  Journ.  f.  jTiikt.  Chem.  (X.  F.),  17. 
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boil  with  water,  then  with  1  per  cent  caustic  potash,  then  again  with  water, 
and  lastly  with  acetic  acid.  The  residue  is  treatai  with  cold  5  per  cent 
hydrochloric  acid  for  twenty-four  hours,  carefully  washed  with  water, 
boiled  again  with  water,  and  then  treated  with  alcohol  and  ether. 

In  regard  to  the  methods  used  by  Schwarz,  Richards  and  Gibs,  which  are 
somewhat  different,  we  refer  to  the  original  publication. 

Collagen,  or  gelatine-forming  substance,  occurs  very  extensively  in 
vertebrates.  The  flesh  of  cephalopods  is  claimed  to  contain  collagen.* 
Collagen  is  the  chief  constituent  of  the  fibrils  of  the  connective  tissue  and 
(as  ossein)  of  the  organic  substances  of  the  bony  structure.  It  also  occinrs 
in  the  cartilaginous  tissues  as  chief  constituent;  but  it  is  here  mixed  with 
other  substances,  producing  what  was  formerly  called  chondrigen.  Col- 
lagen from  different  tissues  has  not  quite  the  same  composition,  and  prob- 
ably there  are  several  varieties  of  collagen. 

By  continuously  boiling  with  water  (more  easily  in  the  presence  of  a 
Lttle  acid)  collagen  is  converted  into  gelatine.  Hofmeister  *  found  that 
gelatine  on  being  heated  to  130°  C.  is  again  transformed  into  collagen;  and 
this  last  may  be  considered  as  the  anhydride  of  gelatine.  Collagen  and 
gelatine  have  about  the  same  composition.* 

C         H         N         S         O 

CoIIa£en 50.75  6.47  17.86  24.02  (Hofmbistbb) 

Gelatine  (commercial) 49.38  6.80  17.97  0.7      25.13  (Chittenden) 

Gelatine  from  tendons 50 . 1 1  6 .  56  17 .  81  0 .  26    25 .  26  (van  Name) 

Gelatine  from  ligaments.  .  50 .  49  6.71  17 .  90  0 .  57    24 .  33  (Richards  and  Gibs) 

Fish^ue 48.69  6.76  17.68  (Faust) 

Gelatines  of  different  origin  show  a  somewhat  variable  composition, 
which  seems  to  indicate  the  occurrence  of  difFerent  coUagens.  It  is  diffi- 
cult to  say  whether  the  variable  content  of  sulphur  is  due  to  a  contam- 
ination with  a  substance  rich  in  sulphiu*  or  to  a  splitting  off  of  loosely  com- 
bined sulphiu"  during  the  purification.  C.  Corner  *  has  prepared  a  typical 
gelatine  containing  only  0.2  per  cent  of  sulphur  by  a  method  which  elim- 
inateil  any  possible  changes  due  to  reagents. 

The  decomposition  products  of  the  collagens  are  the  same  as  those  of 
the  gelatines.  Besides  the  leucin,  glycocoll,  aspartic  acid  and  glutamic 
acid  found  by  the  eariier  investigators  as  hydrolytic  cleavage  products 
E.  Fischer  and  collaborators  ^  have  obtained  alanin,  phenylalanin,  and 

» Hoppe-Se>-ler,  Physiol.  Chem.,  97. 

'  Zeitschr.  f.  physiol.  Chem.,  2. 

'Hofmeister,  1.  c;  Chittenden  and  Solley,  Joum.  of  Physiol.,  12;  Van  Name, 
Joum.  of  exper.  Med.,  2;  Richards  and  Gies,  Amer.  Joum.  of  Physiol.,  8;  Faust, 
Areh.  f.  exp.  Path.  u.  Pharm.,  41. 

*  Zeitschr.  f.  physiol.  Chem.,  28.     See  also  Sadikoff,  ibid.,  39. 

*  Fischer,  Levene  and  Aders,  Zeitschr.  f.  physiol.  Chem. ,  35.  In  regard  to  the 
older  researches,  see  O.  Cohnheim,  Chemie  die  Eiweisskorper. 
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€if-pyrrolidin  carbonic  acid.  Gelatine  does  not  give  any  tyrosin,  but  does 
yield  considerable  glycocoll  (16.5  per  cent  according  to  K  Fischer),  which 
because  of  its  sweetish  taste  has  received  the  name  gelatine-sugar.  Gela- 
tine yields  considerable  basic  nitrogen,  according  to  Hausmann  *  35.83  per 
cent  of  the  total  nitrogen.  Drechsel  and  Fischek  found  lysin,  Hedin, 
KossEL  and  KtrrscHER  ^  found  also  arginin,  which  amounted  to  9.3  per 
cent  (KossELr  and  Kutscher),  On  putrefaction  gelatine  gives  neither 
tyrosin,  indol,  nor  skatoL  According  to  Seltrennt  ^  it  yields  phenyl-  i 
propionic  acid  and  phenylacetic  acid.  The  aromatic  group  in  gelatine  is-  i 
therefore,  as  directly  shown  by  Fischer  (see  above)  and  also  by  Spiro,* 
represented  by  phenylalaiihi. 

Collagen  is  insoluble  in  water,  salt  solutionSi  dilute  acids,  and  alkalies, 
but  it  swells  up  in  dilute  acids.  By  continuous  boiling  with  water  it  is 
converted  into  gelatine.  It  is  dissolved  by  the  gastric  juice  and  also  by  the 
pancreatic  juice  (tr^^sin  solution)  when  it  has  previously  been  treated  with 
acid  or  heated  \%ith  water  above  70^  C.*  By  the  action  of  ferrous  sul- 
phate, corrosive  sublimate,  or  tannic  acid,  collagen  shrinks  greatl}'.  Col- 
lagen treated  by  these  bodies  does  not  putrefy,  and  tannic  acid  is  there- 
fore of  great  importance  in  the  preparation  of  leather.  I 

Gelatine  or  glutin  is  colorless,  amorphous,  and  transparent  in  thin  layers* 
It  swells  in  cold  water  %vithout  dissolving.  It  dissolves  in  warm  water^ 
forumig  a  sticky  liciuidj  which  soUdifies  on  coohng  when  sufficiently  con- 
centrati^d.  As  Pauli  and  Roxa  "  have  shown,  various  botlies  may  have  | 
a  different  action  upon  the  gelatimzation-point  of  a  gelatine  stilution;  thus  i 
certain  bodies  such  as  sulphates,  citrates,  acetates,  and  glycerine  may 
accelerate,  w-hile  the  chlorides,  chlorates,  bromides,  alcohol,  and  urea  retard 
this  powder. 

Gelatine  solutions  are  not  precipitated  on  boiling,  neither  by  nuneral 
acids,  acetic  acid,  ahim,  basic  lead  acetate,  nor  metallic  salts  in  general.  A 
gelatine  solution  acidified  with  acetic  acid  may  be  precipitated  by  potassium 
ferrocyanide  on  carefully  adding  the  reagent.  Gelatine  solutions  are  precipi- 
tated by  tannic  acid  in  the  presence  of  salt;  by  acetic  acid  and  common 
gait  in  substance;  mercuric  chloride  in  the  pre^sence  of  HCl  and  NaCl;  | 
metaphosphoric  acid,  phosphomolybdie  acid  in  the  presence  of  acid;  and  , 
lastly  also  by  alcohol,  especially  when  neutral  salts  are  present.  Gelatine 
solutions  do  not  diffuse.     Gelatine  gives  the  biuret  reaction,  but  not  Adam- 


»  Zeitachr.  I  physiol.  Chem.,  27, 

'DrecKscb  Arch.  f.  Anat  il  Physiol.,  1891;  Hcdin,  Zeitschr,  L  pbysiol  Chem.,  21; 
Koasel  and  Kutscher»  ihid.,  31. 
'Mnimlshcft,  I  Chem,,  1€. 
*  Hnfineister*s  Bdtriige,  1. 

*Kuhne  and  Ewakl,  Verh.  d.  Naturhist.  Med.  Vereins  in  Heidelberg,  1877,  1. 
•Htifmeiater's  Beitriige,  2. 
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KiEwicz's.  It  gives  Millon's  reaction  and  the  xanthoproteic  reaction 
80  faintly  that  it  probably  occurs  from  an  impiuity  consisting  of  pro- 
tdds.  According  to  C.  Morner,  pure  gelatine  gives  a  beautiful  Millon  's 
reaction,  if  not  too  much  reagent  is  added.  In  the  other  case  no  reaction 
or  only  a  faint  one  is  obtained. 

By  continuous  boiling  with  water  gelatine  is  converted  into  a  non-gelat- 
inizing modification  called  /3-glutin  by  Nasse.  According  to  Nasse  and 
Kruger  the  specific  rotatory  power  is  hereby  reduced  from  — 167.5®  to 
about  — 136°.*  On  prolonged  boiling  with  water,  especially  in  the  presence 
of  dilute  acids,  also  in  the  gastric  or  tryptic  digestion,  the  gelatine  is  trans- 
formed into  gelatine  proteoses,  so-called  gelatoses  and  gelatine  peptones,  which 
diffuse  more  or  less  readily. 

According  to  Hofmeister  two  new  substances,  semiglutin  and  Aemi- 
coUin,  are  formed.  The  former  is  insoluble  in  alcohol  of  70-80  per  cent 
and  is  precipitated  by  platinum  chloride.  The  latter,  which  Is  not  pre- 
cipitated by  platinum  chloride,  is  soluble  in  alcohol.  Chittenden  and 
SoUiEY  *  have  obtained  in  the  peptic  and  tryptic  digestion  a  proto-  and 
hdeuterogekUosef  besides  some  true  peptone.  The  elementary  composition 
of  these  gelatoses  does  not  essentially  differ  from  that  of  the  gelatine. 

According  to  Levene  *  the  proto-  as  well  as  the  deuterogelatoses  yield 
a  larger  amount  of  glycocoll,  even  20.3  per  cent,  than  the  gelatine  itself. 
Paal*  has  prepared  gelatine  peptone  hydrochlorides  from  gelatine  by 
the  action  of  dilute  hydrochloric  acid.  These  salts  are  partly  soluble  in 
ethyl  and  methyl  alcohol,  and  partly  insoluble  therein.  The  peptones 
obtained  from  these  salts  contain  less  carbon  and  more  hydrogen  than 
the  gelatine  from  which  they  originated,  showing  that  hydration  has  taken 
place.  The  molecular  weight  of  the  gelatine  peptone  as  determined  by 
Paal  by  Raoult's  method  was  200  to  352,  while  that  for  gelatine  was  878 
to  960.  The  gelatine  peptones  isolated  by  Siegfried  and  his  pupils 
ScHEERMEssER  *  and  Kruger  and  already  mentioned,  are  of  the  greatest 
interest. 

Collagen  (contaminated  with  mucoid)  may  be  obtaiped  from  bones  by 
extracting  them  with  hydrochloric  acid  (which  dissolves  the  earthy  phos- 
phates) and  then  carefully  washing  the  acid  out  with  water.  It  may  be 
obtained  from  tendons  by  extracting  with  lime-water  or  dilute  alkali 
(which  dissolve  the  proteids  and  mucin)  and  then  thoroughly  washing  with 
water.  Gelatine  is  obtained  by  boiling  collagen  with  water.  The  finest 
commercial  gelatine  always  contains  a  little  proteid,  which  may  be  removed 

*  Xasse  and  Kriiger,  Maly  's  Jahresber.,  19,  29.  In  regard  to  the  rotation  of  ^-glutin 
BeeFramm,  Pfliiger's  Arch.,  68. 

'Hofmeister,  1.  c. ;  Chittenden  and  Solley,  1.  c 
'Levene,  Zeitschr.  f.  physiol.  Chem.,  37. 
*Ber.  d.  deutsch.  chem.  Gesellsch.,  25. 

*  Zeitschr.  f.  physiol.  Chem.,  37;  Kriiger,  1.  c. 
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by  allowing  the  finely  divided  gelatine  to  swell  up  in  water  and  thoroughly" 
extracting  with  large  quantities  of  fresh  water.  Then  dissolve  in  warm 
water  mid  precipitate  with  alcohoL 

Collagen  may  also  be  purifiefl  from  proteids  as  suggested  by  Van  Name 
by  digesting  with  an  alkaline  trj^psin  solution  or  by  extracting  the  gelatine 
for  days  \\dth  1-5  ]>.  m.  caustic  pota^sh,  as  suggested  by  C.  MoH>rER.  The 
t^^ical  properties  of  gelatine  are  not  change<l  by  this, 

Chondrin  or  cartilage  gelatine  is  only  a  mixture  of  gelatine  with  the  specific 
constituent!^  of  the  cartilage  and  their  transformation  products. 

Reticulin,  The  reticular  tissues  of  the  lymphatic  glands  contain  a 
variety  of  fibres  which  have  also  been  found  by  ^Iall  in  the  spleen, 
intestinal  mucosa,  liver,  kidneys,  and  lungs.  These  fibres  consist  of  a 
special  Bubstance,  reticulin,  investigated  by  Siegfried.^ 

Reticuliu  has  the  following  cDmi>osition :  C  52.88;  H  6.97;  N  15.63; 
S 1 .88;  P  0,34 ;  ash  2.27  per  cent.  The  phosphorus  occurs  in  organic  combina* 
tion.  It  yields  no  tyrosin  on  cleavage  with  hydrochloric  acid.  It  }delds,  on 
the  contrar}'^  sulphuretted  hydrogen^  ammonia,  lysin^  arginin,  and  amino- 
valerianic  acid.  On  continuous  boiling  with  water^  or  more  readily  with 
dilute  alkalies,  reticulin  is  converted  into  a  l>ody  which  is  precipitatetl  by 
acetic  acid,  and  at  the  same  time  ]ihosphorus  is  split  off, 

Reticulin  is  insoluble  in  water,  alcohol,  ether,  lime-water,  sodium 
carbonate,  and  dilute  mineral  acids.  It  Ls  dissolved,  after  several  w^eeks, 
on  standing  with  caustic  soda  at  the  ordinar}^  temperature.  Pepsiu-liydro- 
chloric  acid  or  tr^^jsin  do  not  dissolve  it.  Reticulin  responds  to  the  biuret, 
xanthoproteic,  and  Adamkiewicz 's  reactions,  but  not  with  AIillon's 
reagent. 

According  to  Tebb  reticuBn  is  only  a  somewhat  changed,  impure  collagen, 
but  this  is  disputed  by  Siegfkied.- 

It  may  be  prejmred  as  follows,  acconling  to  Siegfried:  Digest  intes- 
tinal mucosa  witii  tripsin  and  alkali.  Wash  the  residue,  extract  with 
ether,  and  digest  again  with  tr>^:>sin  and  then  treat  with  alcohol  and  ether. 
On  carefid  boiling  with  water  the  collagen  present  either  as  contamination 
or  as  a  combination  with  reticulin  is  removed.  The  thorougldy  dried 
residue  consists  of  reticulin. 

Iththylepidin  is  an  organic  substance,  so  called  b}^  C.  Morner,'  which  occurs 
with  collagen  in  fish-scales  and  h*^\\s  about  t  of  the  organic  substance  of  the  same. 
This  substance  with  15,9  [>er  cent  nitrogen  and  LI  i)er  cent  sulphur  stands  on 
account  of  its  properties  rather  close  to  elastiru  It  is  insoluble  in  cold  and  hot 
water,  as  well  as  in  dilute  acids  and  alkalies  at  the  ordinary  tcm|icratiire.     On 


'  Mali,  Abhandl.  d,  math.  phys.  IClassfl  d.  Kgl  sacha.  GeseU^ch.  d.  Wss,  1891; 
Siegfried,  Ueber  die  cbem.  eigensch.  der  retjcidirteii  Gewebe,  HabQ.-Schrift.  Leipzig, 
1892. 

'Tebb,  Joum,  of  PhysioL,  27;  Siegfried,  i&id.,  28, 

*  ZeitBchr.  f.  physiol.  Chem.i  24  and  37.    See  sdso  Green  and  Tower,  ibid.,  S5. 
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boiling  with  these  it  dissolves.  Pepsin-hydrochloric  acid,  as  well  as  an  alkaline 
trypsin  solution,  also  dissolves  it.  It  gives  beautiful  reactions  with  Millon's 
mgent,  xanthoproteic  reaction,  and  the  biuret  test.  At  least  a  part  of  the 
soiphur  is  split  off  by  the  action  of  alkali. 

Skeletms  are  a  number  of  nitrogenized  substances  whicli  form  the 
skeletal  tissue  of  various  classes  of  invertebrates  so  designated  by  Ejiu- 
KENBERG.^  Thcse  substanccs  are  chitiny  spongin,  conchioliriy  comein,  and 
fibroin  (silk).  Of  these  chitin  does  not  belong  to  the  protein  substances, 
and  fibroin  (silk)  is  hardly  to  be  classed  as  a  skeletin.  Only  those  so-called 
skeletins  will  be  given  that  actually  belong  to  the  protein  group. 

Spongin  forms  the  chief  mass  of  the  ordinary  sponge.  It  gives  no  gelatine. 
On  boiling  with  acids,  according  to  the  older  statements  it  yields  leucin  and 
glycocoll  and  no  tyrosin.  Zalocostas  claims  to  have  found  tyrosin  and  also 
butalanin  and  glucalaiiin  (CgHijN^O^).  After  Hundeshagen  had  showTi  the 
occurrence  of  iodine  and  bromine  in  organic  combination  in  different  sponges  and 
designated  the  albumoid  containing  iodine,  iodospongiUj  Harnack*  later  iso- 
lated from  the  ordinary  sponge,  by  cleavage  with  mineral  acids,  an  iodospongin 
which  contained  about  9  per  cent  iodine  and  4.5  per  cent  sulphur.  Conchiolin 
is  found  in  the  shells  of  mussels  and  snails  and  also  in  the  egg-shells  of  these  ani- 
mals. It  yields,  according  to  Wetzel,'*  glycocoll,  leucin,  and  abundance  of  tyro- 
sin. The  quantity  of  diamino  nitrogen  amounts  to  8.7  per  cent  and  the  amid 
nitrogen  3.47  I3er  cent  (from  the  shell  of  pinna).  The  Byssus  contains  a  substance, 
closely  related  to  conchiolin,  which  is  soluble  with  difficulty.  Comein  forms  the 
a\ial  sj^stem  of  the  Antipathes  and  Gorgonia.  It  gives  leucin  and  a  crystallizable 
substance,  cornicrystallin.  According  to  Drbchsel  the  axial  system  of  the  Gor- 
gonia cavolini  contains  nearly  8  per  cent  of  the  dry  substance  as  iodine.  The 
iodine  occurs  in  organic  combination  with  an  iodized  albumoid,  gorgoniriy  whi(?h 
is  a  comein.  Drechsel  obtained  leucin,  t\Tosin,  lysin,  ammonia,  and  an  iodized 
amino  acid,  iixlogorgonic  add,  as  cleavage  products  of  gorgonin.  Henze  *  could 
only  obtain  this  acid  in  very  small  quantities,  and  by  acid  cleavage  of  gorgonin  he 
obtained  the  three  hexon  bases,  abundance  of  tyrosin,  and  very  little  leucin.  On 
cleavage  with  barium  hydrate  he  obtained  only  lysin  besides  tyrosin  and  glycocoll 
in  larger  amounts. 

Fibroin  and  sericin  are  the  two  chief  constituents  of  raw  silk.  By  the  action 
of  boiling  water  the  sericin  (silk  gelatine)  dissolves  and  can  be  obtained  by  a 
method  suggested  by  Bondi,*  while  the  more  difficultly  soluble  fibroin  remains 
undissolved  in  the  shape  of  the  original  fibre.  The  sericin,  whose  sufficiently 
concentrated  hot  solution  gelatinizes  on  cooling,  is  precipitated  by  mineral  acids, 
several  metallic  salts,  and  by  acetic  acid  and  potassium  ferrocyanide.  As  cleavage 
protiucts  E.  Fischer  and  Skita  obtained  alanin,  serin,  very  little  glycocoll, 
tnosin,  arginin,  and  probably  also  lysin.  Leucin  had  been  found  previously. 
From  fibroin  they  obtained,  besides  the  previously  known  cleavage  products, 
glycocoli,  tyrosin,  and  alanin  (Weyl*),  also  leucin,  phenylalanin,  serin,  a-pyrroli- 

'  Gnindziige  einer  vergl.  Physiol,  d.  thier.  Geriistsubst.     Heidelberg,  1885. 
'Zalocostas,   Compt.  rend.,  107;    Hundeshagen,  Maly's  Jahresber.,  25;    Hamack, 
Zeitschr.  f.  physiol.  Chem.,  24. 

*Zeitschr.  i.  physiol.  Chem.,  29,  and  Centralbl.  f.  Physiol,  13,  113. 

*  Drechsel,  Zeitschr.  f.  Biologie,  33;  Henze,  Zeitschr.  f.  physiol.  Chem.,  38. 
*Zeitschr.  f.  physiol.  Chem.,  34. 

•  Fischer  and  Skita,  ibid.,  33;  Fischer,  ibid.,  39;  Weyl,  Ber.  d.  d.  chem.  Gesellsch., 
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din  carbonic  acid  (Fischer),  and  a  small  amount  of  arginin.  The  chief  products 
were  glyroeoll,  36  per  cent,  alanin,  21  per  cent,  and  iyrosin,  10  per  cent.  The 
composition  of  the  above-mentioned  albuminoids  is  as  follows;* 

C  H  N  S 

Conchlolin  (flt>ra  the  shells  of  pinna).  .  52 ,  70    6 .  54     16 .  60    0 .  S5  {Wetzel) 

(from  snail-eggs). 50.92     6,88     17,86     0.31  (Krukenberg) 

Sponmn       ..,. 46,50     6.30     16.20     0.50  (Crouckewitt) 

'* 48.75     6.35     16.40     ....  (Pos8elt) 

Comein 48.06    5.W     16.81     ....  (Krukexberg) 

Fibrnin 48.23    6.27     18.31     ..,.  (Cramer) 

'*      .....  48.30    6.50     19.20     (Vioxon) 

SericLn 44.32    6. 18     18.30     (Cramer) 

" 44.50     6.32     17.14     ....  (BoNDi) 


APPENDIX   TO  CHAPTER  !!• 
EYDROLYTIC   CLEAVAGE   PRODUCTS  OF   THE   PROTEITf  SUBSTANCES. 


I.  Monammo  Acids. 

Glycocoll  (aminoacetic   acid),  C2H5N03=CH3(NHj),  also  called   glycin 

COOH 
or  gelatine  sugar,  Is  found  in  the  muscles  of  the  Peclen  irradians,  but 
has  chiei  inteits^t  as  a  hydrolytic  decomposition  product  of  protein  bxlies, 
especially  gelatine,  fibroin,  and  spoiigin,  as  well  tm  of  hippuric  acivl  and 
glycocholic  acid.  It  is  also  found  in  the  decomposition  of  uric  acid, 
xanthine,  guanine,  and  adenine. 

The  largest  amounts  of  glycocoll  obtaincfl  thus  far  from  the  protein 
substances  was  from  fibroin  ^  (3G  per  cent)^  gelatine,  and  gelato.ses  '  (16.5 
and  20.3  per  cent  respectively).  W^^ 

Glycocoll  forms  colorless,  often  large,  hard  rhombic  cr^^stals  or  foi^^ 
sided  prisms.  The  crystals  ha%^e  a  sweet  taste  and  dissolve  readily  in 
cold  water  (4.3  parts).  It  is  insoluble  in  alcohol  and  ether  and  dissolves 
with  difTiculty  in  warm  alcohol.  Glycocoll  combines  with  acid.s  and  alkalies. 
Among  the  latter  compounds  we  mut^t  mention  thoisc  with  copper  and 
Biiver.  Glycocoll  dissolves  cupric  hydrate  in  alkaline  liquids  but  does 
not  reduce  at  boiling  heat.  A  boiling-hot  solution  of  glycocoll  dissolves 
freshly  precipitate*!  cupric  hydrate,  foruiing  a  blue  solution,  which,  in 
proper  concentration,  deposit.s  blue  nee<lles  of  glycocoU-copper  on  cooling. 
The  combination  with  hydrocliloric  acid  is  readily  soluble  in  water  but 
less  soluble  in  alcohol. 


'  Krukenbers,  Bc?r.  d,  d.  clipni.  Gcselkch. ,  17  and  18,  and  Zeit^chr,  f.  Biologic,  22; 
Croockewitt,  Annal,  d.  Chem.  n.  Phann.,  IS;  Posselt,  tb?<f.,  4i»;  Cramer,  Joura.  1. 
prakt.  Chem.,  IMJ;   Vignon,  Compt.  rend-,  lir>;    Wetzel,  1.  c,  and  Bondi,  L  o, 

'  E.  Fischer  and  Skita,  Zeitschr.  f,  physiol,  Chem,,  3IJ. 

•E.  Fischer,  Levene  and  Aders^  ibid.,  Sa;   Levene,  ibid.,  37. 
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It  is  not  precipitated  even  in  a  5  per  cent  solution  by  phosphotungstic 
acid.  By  the  action  of  gaseous  HCl  upon  glycocolj  in  absolute  alcohol,  beau- 
tiful crj'stals  are  obtained  of  the  hydrochloride  of  glycocoll  ethyl  ester  which 
melts  at  144®  C,  and  from  which  the  glycocoll  ethyl  ester  can  be  obtained 
by  the  method  suggested  by  E.  Fischer  *  for  the  separation  of  glycocoll 
from  the  other  amino  acids.  On  shaking  with  benzoyl  chloride  and  caustic 
soda  hippuric  acid  is  formed,  and  this  is  also  made  use  of  in  different  ways 
in  detecting  and  isolating  glycocoll  (Ch.  Fischer,  Gonnermann,  Spiro  *) 

Glycocoll  can  be  b^t  prepared  from  hippuric  acid  by  boiling  it  with 
4  parts  dilute  sulphuric  acid  (1:6)  for  ten  to  twelve  hours.  After  cooling 
the  benzoic  acid  is  removed,  the  filtrate  concentrated,  the  remaining  benzoic 
acid  removed  by  extracting  with  ether,  the  sulphuric  acid  precipitated  by 
BaCOj,  and  the  filtrate  evaporated  to  point  of  crystallization.  (In  regard 
to  its  preparation  from  protein  substances  see  below.) 

CH, 

Alanin  (a-aminopropionic  acid),  CjH7N03=CH(NH3),  was  first  obtained 

COOH 
by  Weyl  as  a  cleavage  product  of  fibroin.    This  alanin,  the  d-alanin,  has 
been  isolated  by  E.  Fischer  and  his  collaborators  *  more  abundantly  from 
iibroin  (21  per  cent)  and  also  from  sericin  (5  per  cent),  horn  substance 
(1^  per  cent),  gelatine  (0.8  per  cent),  and  haemoglobin  (2.87  per  cent). 

Alanin  has  a  sweet  taste,  is  readily  soluble  in  water,  and  dissolves  cupric 
hydrate  on  boiling,  producing  alanin-copper,  which  has  a  deep-blue  color. 
The  specific  rotation  of  the  hydrochloride  (9-10  per  cent  solution)  is  (a)D  = 
+9.68°.  In  regard  to  the  synthetical  preparation  of  i-alanin,  its  cleavage 
as  benzoyl  compound,  and  the  preparation  of  i-alanin  ethyl  ester  we  must 
refer  to  E.  Fischer.* 

CHjOH 
Serin  (a-amiiio-^?-oxypropionic  acid),  CjHyNO, -CH(NH2),  was  obtained  by 

COOH 
E. Fischer  and  his  collaborators*  as  a  cleavage  product  from  fibroin  (1.6  per  cent), 
horn  substance    (0.68  y>er  cent),  sericin,  gelatine,  and  casein.     Synthetically  it 
was  prepared  by  E.  Fischer  and  Leuchs*  from  ammonia,  hydrocyanic  acid, 
and  glycol  aldehyde. 

It  does  not  dissolve  readily  in  cold  water  (23  parts  water  at  20°  C.)  but  more 


'lier.  d.  d.  chem.  Gesellsch.,  34. 

'Ch.  Fischer,  Zeitschr.  f.  physiol.  Chem.,  19;  Spiro,  tbid.f  28;  Gonnermann, 
Pfluger's  Arch.,  59. 

MVeyl,  Ber.  d.  d.  chem.  Gesellsch.,  21;  Fischer  and  Skita,  Zeitschr.  f.  physiol. 
Chem.,  33;  Fischer  and  Dorpinghaus,  ibid.,  36;  Fischer,  Levene  and  Aders,  ibid.f 
K   Fischer  and  Abderhalden,  ibid.,  36. 

*Ber.  d.  d.  chem.  GeseUsch.,  32  and  34. 

*  See  foot-note  3,  page  67. 

*Ber.  d.  d.  chem.  Gesellsch.,  3o,  and  Sitz.  Ber.  d.  Akad.  d  Wiss.     Berlin,  1902. 
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easily  in  hot  water.    The  solution  is  inactivs  and  has  a  sweet  tas^.   Serin  crys- 
taJUzes  from  water  in  thin  plates,  which  melt  at  240°  with  the  generation  of  a  gas. 

CH3CH3 

CH 
AminoYalerianic  acid,  C^jiNO,-      CHCNH,),  has  been  detected  several  times 

COOH 
among  the  cleavage  products  of  protein  substances.    The  acid  isolated   by  E. 
Fischer  from  horn  substance  (5.70  per  cent)  and  casein,  as  well  as  that  obtained 
by  ScHULZE  and  Winterstein  ^  from  lupin  sprouts,  seems  to  be  dextrorotatory 
K-aminovalerianic  acid. 

Leucin   (aminocaproic  acid,  or,  more  correctly,  a-aminoisobutylacetic 

CH,CH3 

\/ 
CH 

and,   CeHi3N03=     CH,  ,  is  produced   from   protein   substances   in 

CH(NHj) 

COOH 
^hcir  liydrolytic  cleavage  by  proteoljiiic  enzymes  or  by  boiling  with  dilute 
acids  or  alkalies  or  by  fusing  with  alkali  hydrates  and  by  putrefaction. 
Because  of  the  ease  with  which  leucin  and  tyrosin  are  formed  in  the  decom- 
position of  protein  substances,  it  is  difficult  to  positively  decide  whether 
these  bodies  when  found  in  the  tissues  are  constituents  of  the  living  body 
or  are  only  to  be  considered  as  decomposition  products  formed  aft€r  death. 
Leucin  it  seems  has  been  found  as  a  normal  constituent  of  the  pancreas 
and  itij  secretion,  in  the  spleen,  thymus,  and  lymph  glands,  in  the  th>Toid 
gland,  in  the  salivary  glands,  in  the  kidneys  and  liver.  It  also  occurs  in 
the  wool  of  sheep,  in  dirt  from  the  skin  (inactive  epidermis),  and  between 
the  toes,  and  its  decomposition  products  have  the  disagreeable  odor  of 
the  perspiration  of  the  feet.  It  is  found  pathologically  in  atheromatous 
cysts,  ichthyosis  scales,  pus,  blood,  liver,  and  urine  (in  diseases  of  the 
liver  and  pnosphorus  poisoning).  Leucin  occurs  often  in  invertebrates 
and  also  in  the  plant  kingdom.  On  hydrolytic  cleavage  various  protein 
substances  yieW  different  amounts  of  leucin.  Erlkxmeyer  and  Schoffer 
obtained  36-45  \>eT  cent  leucin  from  the  ccrvdcal  ligament,  Cohx  32  per 
cent  from  casein,  itnd  Nencki  1.5-2  per  cent  from  gelatine.  E.  Fischer 
and  Arderhaldent  obtained  20  per  cent  leucin  from  haemoglobin,  Fischer 
and  DoRPiNGHAUs  18.3  per  cent  from  horn  substance,  and  Fischer  and 
Skita  1.5  per  cent  fruin  fibroin.' 


^  Fischer,  Zeitschr.  f.  physlv^l.  Chem.,  36  and  33;  Schulze  and  Winterstein,  ibid.,  35. 

'Erlenmeyer  and  Schofifer,  dted  from  Maly,  Chem.  d.  Verdauungssafte.  in  Her- 
mann's Handb.  d.  Physiol.,  5,  Vb«l  2,  p.  209;  Cohn,  Zeitschr.  f.  physiol.  Chem.,  22; 
Nencki,  Joum.  f.  prakt.  Chem.  (N.  F.),  15;  Flscker  and  his  collaborators,  see  page  66, 
foot-note  5. 


LEuciN.  e» 

Leucin  occurs,  like  other  monamino  acids,  in  the  1-,  d-,  and  i-modificar 
tioDs.  The  leucin  obtained  by  cleavage  of  protein  substances  is  generally 
the  fonn  which  is  dextrorotatory  in  acid  or  alkaline  solutions.  The 
feudn  prepared  synthetically  by  Hufner  ^  from  isovaleraldehyde,  ammonia, 
and  hydrocyanic  acid  is  optically  inactive.  Inactive  leucin  may  also 
be  prepared,  as  shown  by  E.  Schulze  and  Bosshard,^  by  the  cleavage 
of  proteids  with  baryta  at  160®  C.  or  on  heating  ordinary  leucin  with 
baryta-water  to  the  same  temperature.  The  laevorotatory  modification 
may  be  formed  from  the  inactive  leucin  by  the  action  of  penicillum 
glaucum.  On  benzoylating  i-leucin  we  obtain  i-benzoyl-leucin,  from  whose 
dnchonine  and  quinidine  salts  first  d-  and  then  1-benzoyl-leucin  are  pre- 
pared and  then  by  hydrolytic  cleavage  d-  and  1-leucin  may  be  obtained 
(E.  Fischer).  On  oxidation  the  leucins  yield  the  corresponding  oxyacids 
(leucinic  acids).  Leucin  is  decomposed  on  heating,  evolving  carbon 
dioxide,  ammonia,  and  amylamine.  On  heating  with  alkalies,  as  also  in 
putrefaction,  it  yields  valerianic  acid  and  ammonia. 

Leucin  crystallizes  when  pure  in  shining,  white,  very  thin  plates,  usually 
fonning  round  knobs  or  balls,  either  appearing  like  hyalin  or  alternating 
light  or  dark  concentric  layers  which  consist  of  radial  groups  of  crystals. 
On  slowly  heating  they  melt  at  170°  C.  and  sublime  in  white,  woolly  flakes, 
which  are  similar  to  sublimed  zinc  oxide.  At  the  same  time  an  odor  of 
amylamine  is  developed. 

Leucin  as  obtained  from  animal  fluids  and  tissues  is  very  easily  soluble 
in  water  and  rather  easily  in  alcohol.  Pure  leucin  is  soluble  -with  difficulty. 
Pure  1-  and  d-leucin  dissolve  in  40-46  parts  water,  more  readily  in  hot 
alcohol,  but  with  difficulty  in  cold  alcohol.  The  i-leucin  is  much  less  soluble. 
According  to  PIabermann  and  Ehrenfeld  '  100  parts  of  boiling  glacial 
acetic  acid  dissolve  29.93  parts  of  leucin.  The  specific  rotation  of  the 
ordinary  leucin,  dissolved  in  hydrochloric  acid,  is  about  (a)D=4-17.5. 

The  solution  of  leucin  in  water  is  not,  as  a  nilc,  precipitated  by  metallic 
sahs.  Tlie  boiling-hot  solution  may,  however,  be  precipitated  by  a  boiling- 
hot  solution  of  copper  acetate,  and  this  is  made  use  of  in  separating  leucin 
from  other  substances.  If  the  solution  of  leucin  is  boiled  with  sugar  of 
lead  and  then  ammonia  be  added  to  the  cooled  solution,  shining  crystalline 
leaves  of  leucin-lead  oxide  separate.  Leucin  dissolves  cupric  hydrate, 
but  does  not  reduce  on  boiling. 

Leucin  is  readily  soluble  in  alkalies  and  acids.  It  gives  crystalline  com- 
pounds with  mineral  acids.  If  leucin  hydrochloride  is  boiled  with  alcohol 
containing  3-4  per  cent  HCl,  long  narrow  crystalline  prisms  of  hydrochloric- 
acid  leucin    ethyl    ester    melting    at    134®  C.  are    formed    (Rohmann). 

Uoum.  f.  prakt.  Chem.  (N.  F.),  1. 

'  See  Zeitschr.  f.  physiol.  Chem.,  9  and  10. 

*  Zeitschr.  f.  physiol.  Chem  .  37 
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The  same  is  produced  by  the  action  of  gaseous  HCl  upon  leucin  and  alcohol 
and  the  free  ethyl  ester  can  be  obtained  from  this  by  the  method  suggested 
by  E.  Fischer.'  This  ester  can  be  separated  from  the  other  aniino-acid 
esters  by  distillation.  Tlie  leucin  can  be  prepared  from  the  ester  by  boil- 
ing with  water  for  a  long  time.  The  picrate  of  the  leucin  ester  melts  at 
128^  C.  Tlic  phenylisocyanate  compound  of  i-leucin  melts  at  165^  C. 
and  its  anhydride  at  125°  C. 

Leucin  is  recognizeil  by  the  appearance  of  balls  or  knobs  under  the 
mii^rosctjpe,  by  its  action  when  heated  (sublimation  test),  and  by  its 
contpoiuads,  espec*ially  the  hydrochloriiie  and  i>icrate  of  the  eth^d  ester 
and  the  phenylisocyanate  compound  of  the  racemic  leucin  obtained  by 
heating  with  bar^^ta-water.  I^eucin  must  firet  be  Isolated  before  it  can 
be  detected  1,  antl  this  is  best  done  by  the  preparation  of  the  ethyl  ester  and 
then  distilling  it. 

C  H  CH  \H  CO 
Leucininiid,  CijHjjNjOj—   *    *  (y>  v  m  no  P  H  '  ^^  ^^^  obtained  by  Rrrr- 

HAUSEN  in  the  hydrolytic  cleavage  products  on  Iwihng  proteida  with  acids  and 
subsequently  by  R.  Chun.  Sal.\skJxV  *  obtained  it  in  the  peptic  and  tryptic 
digeation  of  hicmoglobin.  It  may  probably  be  formed  as  anhydride  of  leucin 
{2.5  diacipipemziiie)  by  a  secondary  change  from  leucin. 

It  crystallizea  io  long  needles  und  sublimes  readily.  The  melting-point  has 
not  been  found  constant  hi  the  difTcTeiit  cases.  The  Icucinimid  (3.6-di~isobutyi- 
2.5  diacipiperazine)  prepared  synthetically  by  E.  Fischer  '  from  leucin  ethyl  ester 
melted  at  271°  C. 

COOH 


Aspartic   Acid   (aminosuccinic   acid),   C^H^NOi^ 


CH(NH,) 
CH. 


has  been 


COOH 


obtained  on  the  cleavage  of  protein  substances  by  proteolytic  enzymes 
Bs  well  as  by  boihng  them  with  dilute  mineral  acids.  Hlasiwetz  and 
Habermann  obtahied  23.8  per  cent  from  ovalbumin  and  9.3  per  cent 
from  casein,  although  not  quite  pure.  E.  Fischer  and  co-workers  *  ob- 
tained 3.29  per  cent  aspartic  acid  from  haemoglobin,  2.50  per  cent 
from  horn  substance,  and  0.56  per  cent  from  gelatine.  This  acid  also 
occurs  in  secretions  of  sea-snaik  (IIenzk  *)  and  Is  ver^'  widely  diffused 
in  the  vegetable  kingdom  as  the  amid  Asparagin  {aminosuccinic-acid  amid), 
which  seems  to  be  of  the  greatest  importance  in  the  development  and 
formation  of  the  proteids  in  the  plants. 

*  Rohmann,  Ber.  d.  d.  chem.  Gesellsch.,  30;  E.  Fischer,  ibid.,  M. 

'  RittbdUiiea,  Die  Eiwei*3kdq>f!r  der  Getreidearten,  etc,  Boan,   1872;    R,  Cobii, 
Zeitgchr.  i.  physio!,  (1iom.»  22  ami  20;  Saia^kia,  ibid.,  32. 

*  Ber.  d.  d,  chem.  OeseUsch,,  lU, 

*  Hlasiwetz  and  Ilabermaiin,  Annal.  d  ChenL  u.  Pharm,,  lo9  and  10d;  E,  Fischer 
and  coEaborators^  see  foot-note  3,  page  07. 

*  Ber.  d.  d.  cbem.  G^ellsch..  34 
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Aspartic  acid  dissolves  in  256  parts  water  at  10^  C.  and  in  18.6  parts 
boiliiig  water,  and  cr}''stallizes  on  cooling  as  rhombic  prisms.  The  acid 
prepwed  from  protein  substances  is  optically  active,  and  its  4  per  cent  solu- 
tion acidified  with  HCl  has  a  rotation  (a)D=  4-25.7®  and  dextrogyrate  or 
bvogyrate  in  a  watery  solution,  depending  upon  the  temperature.  It 
fonns  with  copper  oxide  a  crystalline  combination  which  is  soluble  in  boiling- 
bot  water  and  nearly  insoluble  in  cold  water,  and  which  may  be  used  in 
the  preparation  of  the  pure  acid  from  a  mixture  with  other  bodies. 

In  regard  to  the  benzoylaspartic  acids  and  the  diethylester  we  must 
refer  to  the  work  of  E.  Fischer  and  his  collaborators.  For  the  detection 
we  make  use  of  the  analysis  of  the  free  acid  and  the  copper  salts  as  wel- 
as  the  specific  rotation. 

COOH 
CH(NH,) 
Glutamic  acid  (a-aminoglutaric  acid),  C5H»N04=CH2         ,  is  obtained 

CH, 
COOH 
from  the  protein  substances  under  the  same  conditions  as  the  other  mon- 
amino  acids  and  from  the  peptones  (Siegfried).  Hlasiwetz  and  Haber- 
MAXN  obtained  29  per  cent  from  casein  by  cleavage  with  hydrochloric  acid, 
while  KuTSCHER  could  only  obtain  1.8  per  cent  glutamic  acid  by  cleavage 
with  sulphuric  acid.  Horbaczewski  has  obtained  15-18  per  cent  glu- 
tamic acid  from  gelatine  and  about  the  same  amount  from  horn,  while 
Fischer  and  Dorpinghaus  obtained  only  3  per  cent  from  horn.  Fischer 
and.^BDERHALDEN  obtained  1.06  percent  from  haemoglobin,  and  Kutscher  * 
3.G6  per  cent  from  thymus  histon. 

Glutamic  acid  crj-^stallizes  in  rhombic  tetrahedra  or  octahedra  or  m 
small  leaves.  It  melts  at  135-140°  C.  with  partial  decomposition.  It  dis- 
solves in  100  parts  wator  at  16°  C,  and  in  1500  parts  80  per  cent  alcohol.  It 
is  insoluble  in  alcohol  and  ether.  The  d-glutamic  acid  obtained  from  pro- 
teids  by  boiling  with  an  acid  is  dextrorotatory;  a  5  per  cent  solution  of 
glutamic  acid  containing  9  per  cent  HCl  has  a  rotation  (a)D=  +31.7°, 
^vhile  that  obtained  by  heating  with  barium  hydrate  is  optically  inactive. 
The  d-glutamic  acid  forms  a  beautifully  crystalline  combination  with  hydro- 
chloric acid,  which  is  nearly  insoluble  in  concentrated  hydrochloric  acid. 
This  combination  is  used  in  the  isolation  of  glutamic  acid.  On  boiling  with 
cupric  hydrate  a  beautiful  cr>'stalline  copper  salt,  which  is  soluble  with  diffi- 
culty, Ls  obtained.  Like  the  monamino  acids  in  general,  glutamic  acid  is 
iiot  precipitated  by  phosphotungstic  acid.  In  regard  to  the  benzoylglu- 
tamic  acids  and  the  diethylester  we  must  refer  to  the  works  of  Fischer.' 

^Hladiwetz  and   Habennann,  1.  c,  159;   Kutscher,  Zeitschr.  f.  physiol.  Chem.,  28 
*nd38;  Horbacze\\'ski,  Maly's  Jahres.,  10;  Fischer  and  collaborators,  1.  c. 
'L  c. 
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The  hydrochloride,  the  analysis  of  the  free  acid,  and  the  specific  rotation 
are  used  in  its  detection* 

C,H,(OH) 

Tyrosin  (jM)x>T)henyl-a-aminopropiomc  acid),  CVHiiNOa  =  CH(NHJ,    is 

COOH 

produced  from  most  protein  substances  (not  from  gelatine  and  reticuUn) 
under  the  same  conditions  as  leucin,  which  it  habitually  accorapanics.  The 
largest  quantity  of  ty rosin  obtained  from  animal  proteids  was  obtained 
by  Fischer  and  Skita  from  fibroin,  namely,  10  per  cent.  The  maxi- 
mum obtained  fmm  thymus  histon  (Kutscheh)  was  6.3  per  cent,  from 
horn  substance  (R.  Cohn)  4.6  per  cent,  from  casein  (Reach)  4.55  per  cent, 
from  fibrin  (Kubne)  3*S6  per  cent,  from  ovalbumin,  seralbumin,  and  ser- 
globulin  (K,  Mohner)  2.4,  2.0,  and  3.0  per  cent  respectively,  from  syntonin 
(Reach)  1.37  per  cent,  from  hiemoglobin  (Fischer  and  Abderiialden) 
1.5  percent,  and  fmm  elastin  (Schwarz  *)  0.34  per  cent.  It  is  especially 
found  with  leucin  in  large  quantities  in  old  cheese  (Tvpo^)^  fmm  which 
it  derives  its  name.  Ty  rosin  has  not  with  certainty  been  found  in  per- 
fectly fresh  organs.  It  occurs  in  the  intestine  in  the  digestion  of  proteid 
substances,  and  it  has  about  the  same  physiological  and  pathological  im- 
portance as  leucin. 

Tyrosin  was  prepared  by  Erlenmeyeh  and  Lipp  from  p-aminophenyl- 
alanin  by  the  action  of  nitrous  acid,  and  according  to  another  method  by 
Erlenmeycr  and  Halsey.*  On  fusing  with  caustic  alkali  it  yields  p-oxy- 
benzoic  acid,  acetic  acid,  and  ammonia.  On  putrefaction  it  may  yield 
p-hydrocou marie  acid,  oxj'plienylacetic  acid,  and  7>-cresoL 

Naturally  occurring  tyrosin  and  that  obtaineil  by  the  cleavage  of  protein 
substances  m  generally  l-tyrosin,  while  that  obtained  by  decomposition  with 
bar>^ta*water  or  prepared  synthetically  is  i-tyrosin.  v.  Lippmann  '  has 
obtained  d-tyrosin  from  beet^sprout^.  The  specific  rotation  of  ordinary 
t>Tosin  dLssolved  in  21  per  cent  hydrochloric  acid  varies  somewhat; 
(a)D-4-7.9Sand  8,64°/ 

T}^ro6in  in  a  very  impure  state  may  be  in  the  fonn  of  balls  simBar  to 
leucin.     The  purified  tyrosin,  on  the  contrarj^  appears  as  colorless,  silk>% 


»  Fischer  and  Skit^,  I  c. ;  Kutdcher,  Zeitscbr.  f.  phyaiol  Cheni,,  38;  R.  Cohn,  ibtd,, 
2tt;  Reach,  Virchow's  Arck,  lo8;  Kiihne,  ibid,,  30;  K.  M5mer,  Zeitschr.  f.  phj-^ioL 
C3ieni,,  34;  Fischer  and  Ai>derhalden,  ibid.,  \  c]  Schwarz,  ibid.,  18. 

'Erlemn^er  and  I-ipp,  Ber.  d,  d.  chem,  Gesellsch.,  1»;  Erlenmeyer  and  Halsey» 
Q>id.,  30. 

« ibui,,  17. 

*Scc  Hopp€-S€}-ler-Thierfelder,  Handb.  d.  ph>*5iol  u.  pathd.  ChenL  Analyse,  7. 
AuH^e,  1903. 
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Sne  needles  which  are  often  grouped  into  tufts  or  balls.  It  is  soluble  with 
difficulty  in  water,  being  dissolved  by  2454  parts  water  at  20**  C.  and  164 
parts  boiling  water,  separating,  however,  as  tufts  of  needles  on  cooling.  It 
dissolves  more  easUy  in  the  presence  of  alkalies,  anunonia,  or  a  mineral  acid. 
It  is  difficultly  soluble  in  acetic  acid.  Crystals  of  tyrosin  separate  from  an 
ammoniacal  solution  on  the  spontaneous  evaporation  of  the  anmionia.  One 
hundred  parts  glacial  acetic  acid  dissolve  on  boiling  only  0.18  parts  tyrosin, 
and  by  this  means,  especially  on  adding  an  equal  volume  of  alcohol  before 
boiling,  the  leucin  can  be  quantitatively  separated  from  the  tyrosin 
(Habermaxn  and  Ehrenfeld).  The  1-ty rosin  ethyl  ester  crystallizes  in 
colorless  prisms  which  melt  at  108-109**  C.  Tyrosin  can  be  oxidized  with 
the  foraiation  of  dark-colored  products  by  various  plant  as  well  as  animal 
oxidases,  so-called  tyrosinases  (see  Chapter  I).  By  the  enzyme  occurring 
in  beetrjuice  tyrosin  can  be  converted  into  homogentisic  acid  (Gonner- 
MAXN  *).  Tyrosin  is  identified  by  its  crystalline  form  and  by  the  following 
reactions: 

Piria's  Test.  Tyrosin  is  dissolved  in  concentrated  sulphuric  acid  by 
the  aid  of  heat,  by  which  ty rosin-sulphuric  acid  is  formed;  it  is  allowed  to 
cool,  diluted  with  water,  neutralized  by  BaCO,,  and  filtered.  On  the  addi- 
tion of  a  solution  of  ferric  chloride  the  filtrate  gives  a  beautiful  violet  color. 
This  reaction  is  disturbed  by  the  presence  of  free  mineral  acids  and  by  the 
addition  of  too  much  ferric  chloride. 

Hofmaxn's  TeM.  If  some  water  is  poured  on  a  small  quantity  of 
tyrosin  in  a  test-tube  and  a  few  drops  of  Millon  's  reagent  added  and  then 
the  mixture  boiled  for  some  time,  the  liquid  becomes  a  beautiful  red  and 
to  yields  a  red  precipitate.  Mercuric  nitrate  may  first  be  added,  then, 
after  this  has  boiled,  nitric  acid  containing  some  nitrous  acid. 

DEXiGks'  TcUy  modified  by  C.  Morner,^  is  performed  as  follows:  To 
a  few  cubic  centimeters  of  a  solution  consisting  of  1  vol.  formaline,  45  vols, 
water,  and  55  vols,  concentrated  sulphuric  acid  add  a  little  tyrosin  in  sub- 
stance or  in  solution  and  heat  to  boiling.  A  beautiful  permanent  green 
coloration  is  obtained. 

Phenylalanin     (phenvl-a-aminopropionic     acid),  C^HnNO^  =  CHj.CeHj 

CH(\H,) 

C()(.)H 

Was  first  found  by  E.  Schulze  and  Barbieri  '  in  etiolated  lupin  sprouts. 

It  is  produced  in  the  acid  cleavage  of  protein  substances.     E.  Fischer 

and  his  collaborators  *  obtained  3.38  per  cent  phenylalanin  from  ha^mo- 


»Pflugcr*s  Arch.,  82. 

'Denigds,  Compt.  rend.,  130;  C.  Momer,  Zeitschr.  f.  physiol.  Chem.,  37. 
'  Ber.  d.  d.  chem.  Gesellsch.,  14,  and  Zeitschr.  f.  physiol.  Chem.,  12. 
*See  foot-note  3,  page  07. 
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globin,  3.0  per  cent  from  horn  substance,  2,5  per  cent  from  ovalbumin  and 
casein p  1.5  per  cent  from  fibroin ^  ajul  0.4  per  cent  from  gelatine. 

The  l-pheny!alanin  crystallizes  in  small,  shining  leaves  or  fine  needles 
whicli  are  rather  difRcultly  soluble  in  cold  water  but  readily  soluble  ia 
hot  water.  A  5  per  cent  s*)lution  acidified  with  hydrochloric  acid  or  sul^ 
phuric  acid  is  precipitated  by  phosphutungstic  acid,  whOe  a  more  dilute 
solution  is  not  precipitated.  On  putrefaction,  phenylalanin  jrields  phenyl-^ 
acetic  acid.  On  heatin|i;  with  potassium  dichromate  and  sulphuric  acidj 
(25  per  cent)  an  odor  of  phenylacetaldehyde  is  produced  and  benzoic  acid 
is  formed. 


J 


The  separation  and  preparation  of  the  four  amino  acids ♦  leucin,  asparti 
ftcid,  glutamic  acid,  and  tyrosin,  from  a  mixture  of  hydrolytic  decomjivosi^ 
tion  prfHlucts  of  protein  substances  is  performetl  essentially  according 
to  the  ojctbod  su^^gested  by  Hla.sivvetz  and  Haueril^nn  with  the  mocii-- 
fications  and  chanixcs  i)ropo.scd  by  other  investigators.  The  isolation  an(| 
purification  of  the  atiiioo  fatty  acids,  of  plienylahmiii,  and  of  a-pjiToli^ 
din  carbonic  acid  accordingly  to  E.  Fi.scher  consists  essentially  m  e^t<*ri^ 
ing  the  acids  first  with  hydrochloric  acid  and  alcohol,  separating  the 
ester  from  the  hydrochloride  by  means  of  alkali  and  then  fractionally 
distillini^  the  ester  under  very  low  pressure,  and  finally  saponifying  the 
dilTercnt  fractions  hy  boiling  with  water  or  by  heatiuir  with  baryta -walerj 
It  is  not  within  the  sccjpe  of  this  bdcik  tn  give  a  detailed  description  of 
these  methods,  tlierefore  we  must  refer  for  further  information  to  Hop]»e- 
SEYLER-'ruiERFELnp:E*s  "  Handbuch  der  physiologisch-  und  pathologisch^ 
chemise  hen  Analyse/'  7.  Auflage,  which  also  contains  the  literature  on  the 
subject, 

Cystin  {a-dtaminn-/3-dith!odi-lactylic  acid), 

C,H„N,S,0,-CH3— S-S— CH, 

CHlNHj)        CH(NUj) 
COOH  COOH 

was  first  obtained  with  positiveness  as  a  cleavage  product  of  protein  sntn 
Btances  by  K,  Morner,  and  then  also  by  Embdex,  Kulz  ^  obtaineil  it 
also  once  as  a  product  of  tr^^ptic  digestion  of  fibrin,  Morxer  obtained 
6.8  per  cent  cystin  from  ox-hom^  13.92  per  cent  from  human  hair,  7.62 
per  cent  from  the  membrane  of  the  hen-egg,  2.53  per  cent  from  seral- 
bumin, 1.51  per  cent  from  serglobuliUi  1.17  per  cent  from  fibrmogen,  and 
029  per  cent  from  ovalbumin. 


Erlen meter,  Jr./  has  prt^pared  cystein  and  cyst 
bii>purif_'  ttf'id  ester  with  monobenzoylscrin  ester 
intermediate  steps. 


J 

ystin  sjni til eti rally  from  formyfi 
r  and  benxovlthioserin  est^r  tti 


'  Iv.  Momer,  Zeitschr  f.  i?hyaiol,  Chem.,  28  and  M;    Eaibden,  ibid.,  Sg;    Kulip 
Zeitschr.  f.  Biologie,  27.  j 

'  heu  d.  d.  chem.,  Gest^Usdi.,  36. 
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(N'stin  occurs  in  rare  cases  in  the  urine  or  as  a  calculus,  and  has  also  been 
found  in  ox-kidneys,  in  the  liver  of  the  horse  and  dolphin,  and  as  traces 
in  the  liver  of  a  drunkard.  Abderhalden  *  has  found  cystin  in  the  urine, 
and  also  abundantly  in  the  organs  (spleen)  in  a  case  of  cystin  diathesis. 

The  constitution  of  cystin  has  been  explained  by  Friedmann,'  and 
he  has  also  established  the  relationship  between  cystin  and  taurin.  Cystin 
is  the  disulphide  of  cystein,  which  is  a-amino-/?-thiolactic  acid.  From 
cystein  Friedmann  obtained,  cysteinic  acid  (aminosulphopropionic  acid), 

CHjSOjOH 
C^H7XS05=CH(NH2),  from  which  taurin  is  produced  by  splitting  off  CO,. 
COOH 

Cj'Stin  cr\'stallizes  in  thin,  colorless,  hexagonal  plates.  It  is  not  soluble 
in  water,  alcohol,  ether,  or  acetic  acid,  but  dissolves  in  mineral  acids  and 
oxalic  acid.  It  is  also  soluble  in  alkalies  and  ammonia,  but  not  in  ammo- 
nium carbonate.  Cystin  is  optically  active,  and  indeed  laevorotatory. 
MoRXER  found  it  to  be  (a)D=  —224.3°.  On  heating  with  hydrochloric  acid 
it  cm  according  to  Morner  be  changed  into  a  modification  crystallizing 
in  needles  and  with  a  weaker  laevorotatory  power,  and  indeed  it  can  be 
changed  into  a  dextrorotatory  modification.  On  boiling  cystin  with 
caustic  alkali  it  decomposes  and  yields  alkali  sulphide,  which  can  be  de- 
tected by  lead  acetate  or  sodium  nitroprusside.  According  to  Morxer,' 
75  per  cent  of  the  total  sulphur  is  separated.  On  treatment  of  cystin 
^ith  tin  and  hydrochloric  acid  it  develops  only  little  sulphuretted  hydro- 
gen, and  it  is  converted  into  cystein.  On  shaking  a  solution  of  cystin 
in  an  excess  of  sodium  hydrate  with  benzoyl  chloride  a  voluminous  pre- 
cipitate of  benzoyl  cystin  is  obtained  (Bau\l\nn  and  Goldmanx^).  On 
heating  upon  a  platinum  foil  cystin  does  not  melt,  but  ignites  and  burns 
^th  a  bluish-green  flame  with  the  generation  of  a  peculiar  sharp  odor, 
^Tien  warmed  with  nitric  acid  it  dissolves  with  decomposition  and  leaves 
on  evaporation  a  reddish-brown  residue,  which  does  not  give  the  murexid 
test.  C}'stin  is  gradually  precipitated  from  its  sulphuric  acid  solution 
by  phosphotuiigstic  acid.  Cystin  forms  crystalline  salts  with  minerals  acids 
and  bases. 

In  the  detection  and  identification  of  cystin  we  make  use  of  the  cr}'stal- 
line  form,  the  behavior  on  heating  on  platinum-foil  and  the  sulphur 
reaction  after  boiling  with  alkali.  As  to  its  preparation  from  protein 
substances  see  K.  Morxer.^  In  regard  to  the  detection  of  cystin  in  the 
urine  see  Chapter  XV. 

*  Zeitschr.  f.  physiol.  Chem.,  38. 

*  Hofmeister's  Beitriige,  3,  3. 

*  Momer,  Zeitschr.  f.  physiol.  Chem.,  34. 

*  Baumann  and  Goldmaim,  Zeitschr.  f.  physiol.  Chem.,  12. 
'  Zeitschr.  f.  physiol.  Chem..  34. 


76 


TEE  PROTEIN  SUBSTAli^CES, 


CH2.SH 
Cjstdn  (a;-aniino*^-th)olactic  add)^  G,H7NS02=CH(XH^},  vs  formed  from  cvs- 

Lxxm  ' 

iin  by  reduction  with  tin  and  hydrochloric  arid.  It  h  also  produced  in  the  cleavage 
of  protein  substances,  but  tliis  is  considered  by  Morneu  qa  a  secondary  formation, 
while  KMiiDH>f  considers  it  primary*  Besides  the  ^^-tTstein  Friedmann  claims 
that  nn  a-eystein  of  the  mercapturi*-  acidis  (see  Chapter  X\)  could  also  occur  in  tb© 
animal  body,  but  his  recent  researches  have  shown  that  this  is  not  warranted.* 
Cystein  can  be  readily  converted  iiito  cyst  hi. 

Towards  alkalies  and  lead  acetate  it  acts  like  cystin.  With  sodium  nitro- 
prusside  and  alkali  it  gives  a  deep  purple-red  coloration;  with  ferric  chloride  the 
solution  gives  an  indigo-blue  coloration  which  quicklv  disappears. 

CH/ 

Thiolactic  acid  {a-thiolaetic  acid),  C,H^,SOj-CH.SH,  has  been  found  once  as  a 

COOH 

cleavage  product  of  ox-horn  by  Baumann  and  Suter.  It  has  been  shown  by 
Friedman N  that  this  acid  is  a  regular  cleavage  product  of  keratin  substances,  and 
that  it  can  also  be  obtained  from  the  proteids.  Frankel  ^  obtained  the  acid 
from  hccmogiobin. 


Taurin  ^  (aminoethylsulpbonic   acid),  CjHjNSOj 


CH^.NH, 


-,  has  not 


CH,.S03.0H' 

been  obtained  as  a  cleavage  product  of  protein  substances ;  still  its  origin 
from  prt)teids  has  been  sho\\Ti  by  Friedmaxn  by  the  close  relationship 
that  taurin  bears  to  cysthi.  Taurin  is  especially  known  as  a  cleavage 
product  of  taurocholic  acid  and  may  occur  to  a  slight  extent  in  the  mt^tinal 
contents.  Taurin  has  also  been  found  in  the  lungs  and  kidne>^  of  oxen 
and  in  the  blood  and  muscles  of  cold-blooded  animals. 

Taurin  crystallizes  in  colorless,  often  in  lai^e,  shining,  4-6-sided  prLsms. 
It  dissolves  in  LS-16  parts  of  water  at  ordinary  temperatures,  but  rather 
more  easily  in  warm  wat^r.  It  is  insoluble  in  absolute  alcohol  and  ether; 
in  cold  spirits^  of  wine  it  dissolves  slightly,  but  better  when  warm.  Taurin 
yields  acetic  anrl  sulphun:»us  acids,  but  n<i  alkali  sulphiiles,  on  Ixiiling  with 
strong  caustic  alkali.  The  content  of  sulphur  can  l>e  detemiine^l  as  sul- 
phuric acid  after  fusing  with  saltpeter  and  soda.  Taurin  combines  ^ith 
metallic  oxides.  The  combituitlon  with  mercuric  oxide  is  white,  insoluble, 
and  is  formed  when  a  solution  of  taurin  is  l)fHkvl  with  fn^shly  precipitate 
mercuric  oxide  (J.  Lang  *) .  This  combination  may  be  used  in  detecting 
the  presence  of  taurin.     Ta^irin  is  not  precipitate<l  by  metallic  salts. 

The  preparation  of  taurin  from  bile  is  very  simple.  Tlie  bile  is  lioiled  a 
few  hrmrs  with  hydruchluric  acid.     The  filtrate  from   the  dyslysiii  and 

*  Friedmann,  Hofmeister's  Beitriige,  3  ami  4 

'Suter,  Zeitschr.  f.  physiol  them.,  20;  Friedraaim,  Hofmeister'a  Beitrage,  S; 
Frankel,  Sitz.-Der.  d.  Wien'  Akad.,  112,  II,  6.,  1903. 

■  Taurin  does  not  belong  to  the  cleavage  prmiucts  of  the  proteids,  but  for  practical 
f«asons  it  will  he  described  in  connoction  with  cyst  in 

*See  Maly's  Jfihn^^tor  .  Ti 
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choloidic  acid  is  concentrated  well  on  the  water-bath  and  filtered  hot  so 
as  to  remove  the  common  salt  and  other  substances  which  have  separated, 
•flien  evaporate  to  dryness  and  dissolve  the  residue  in  5  per  cent  hydro- 
chloric acid  and  then  precipitate  with  10  vols.  95  per  cent  alcohol.  The 
crystals  are  readily  purified  by  recrystallization  from  water.  The  alcoholic 
solution  can  be  used  for  the  preparation  of  glycocoll.  After  the  evapora- 
tion of  the  alcohol  the  residue  is  dissolved  in  water,  treated  with  a  solution 
of  lead  hydroxide,  filtered,  the  lead  removed  by  H^Sand  the  filtrate  strongly 
concentrated.  The  crystals  which  separate  are  dissolved  and  decolorized 
by  animal  charcoal  and  the  solution  then  evaporated  to  crystallization. 

Though  taurin  shows  no  positive  reactions,  it  is  chiefly  identified  by 
its  crystalline  form,  by  its  solubility  in  water  and  insolubility  in  alcohol,  by 
its  combination  with  mercuric  oxide,  by  its  non-precipitability  by  metallic 
salts,  and  above  all  by  its  sulphur  content. 

2.  Diamino  Acids  (hexon  bases). 
Arginin  (guanidine  -a-amino valerianic  acid), 

(HN)C<^^CH, 
CA^NA^  (CH,), 

CH(NH,) 
COOH 

fet  discovered  by  Schulze  and  Steiger  in  etiolated  lupin  and  pumpkin- 
sprouts,  has  later  been  found  in  other  germinating  plants,  in  tubers  and 
mot«.  GuLEWiTSCH  has  found  arginin  in  the  ox-spleen.  It  was  first 
found  by  Hedin  as  a  cleavage  product  of  horn  substance,  gelatine,  and 
several  proteids,  and  then  by  Kossel  and  his  pupils  as  a  general  cleav- 
age product  of  protein  substances  as  a  class.  The  greatest  quantity  was 
obtained  from  the  protamins;  but  also  the  histons  and  certain  plant  pro- 
teids (edestin  and  the  proteid  from  pine  seeds)  yield  abundant  arginin. 
^Irginin  also  occurs  among  the  products  of  trj'-ptic  digestion  (Kossel 
and  KuTSCHER  *).  On  boiling  with  barj^ta-water  arginin  yields  urea  and 
omithin.  Arginin  has  been  prepared  synthetically  from  ornithin  (a-di- 
amino valerianic  acid)  and  cyanimid  by  Schulze  and  Winterstein.^ 

Arginin  cr^'stallizes  in  rosette-like  tuftti,  plates,  or  thin  ])rLsms,  is  readily 
.soluble  in  water  and  nearly  insoluble  in  alcohol.  It  forms  crystalline  salts 
or  double  salts  with  several  acids  and  metallic  salts.  Its  acidified  watery 
solution  is  precipitated  by  phosphotungstic  acid.  The  most  important  salts 
are  the  copper-nitrate  (CeHi^N402)2.Cu(N03)2-h3H20  and  the  silver  salts 
CeHi,N\03.HN03-hAgN03  (the  most  readily  soluble)  and  CeHj,X,02.Agx\03 
-f^HjO  (the  most  difficultly  soluble).  Arginin  is  dextrorotatory,  but  the 
arginin  obtained  by  Kutscher  in  the  trj^^tic  digestion  of  fibrin  was  inactive. 

*  Schulze  and  Steiger,  Zeitschr.  f.  physiol.  Chem.,  11;  Gulewitsch,  ibid.,  30;  Hedin, 
tZwVf.,  20  and  21;  Kossel  and  Kutscher,  ibid.,  22,  25,  26. 

'  Ber.  d,  d.  chem.  Gesellsch.,  32,  and  Zeitschr.  f.  physiol.  Chem.,  34. 
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CHi.(NH,) 

■fPH  ) 
Omithin   (a-diaminovalerianic  acid),   CgHiiNjO^-   .;„^^?„  v,  isnot  a  primarj 

COOH 
cleavage  product  of  proteids,  hut  is  formed  from  arginiii  on  boiliDg  with  ban't-a- 
water,     Jaffk/  who  first  disfovt^rcd  tliis  IxmI)%  obtained  it  as  a  cleavage  |:»rodiict 
from  oriiithurir  acid,  which  iij  found  in  the  urine  of  heiLS  fed  with  benzoic  acid- 
The  ornithin   which  E.    Fischkh^   prepared   synthetically  fields,  as   shown  by 
Euj.VGEa/  putresein  rk'tiameihylen diamine  ,  C^H^(NHJ.j,  on  jmtiefaetion. 

Ornithin  is  a  non-erystallioe  aubstanee  whieh  dissolves  in  water,  giving  aJi. 
alkahne  reaction  and  yields  several  crystalline  salts.  It  is  precipitated  by 
phosphotungstic  arid  and  sev^er^il  metaliii'  salls^  but  not  by  silver  nitrate  ancL 
baryta-water  (dilTering  from  arginin).  Ornithin  hydroehloriiie  is  dextrorc*tator>"r 
the  synthctieally  fvreparcd  is  inactive.  On  shaking  ornithin  with  Ix^nznyl  chlorii 
and  caustic  so<hi  it  is  converted  into  dibenzoyl  ornithin  (ornithuric  acid). 

Dttuninoaeetic  tteid,  (\K,\./Jj  =CII(X1Ih)^COOH.  was  obtained  by  Dhecbsel 
as  a  eleavane  product  of  castHri  by  boitiiig  with  tin  and  hydrorhloric  acid.  Ifc 
crystallizes  in  prisms  and  givesamornibenzoyl  componod  which  is  not  ver>'  s<^lubl(5^ 
in  cold  water  and  nearly  insoluble  in  alcohol  and  can  be  ust*d  in  the  isolation  or 
the  acid. 


Lysin  (a-^-diaminocaproic  acid),  C^H^^jOj 


CH,(NHJ 


^xT/xfrr  ^  i  ^'^  fifst obtained 

COOH 
by  Drechsel  as  a  cleavage  product  of  casein.  Later  be  and  bis  pupils, 
as  well  as  Kossel  and  otliers^  found  it  among  the  cleavage  products  of 
various  proteids.  It  has  not  been  detected  in  certain  v^etable  pro- 
teids  such  as  zein  and  glutcn-prnteid,  E.  ScHULZt:  found  lysin  in  ger- 
minating plants  of  the  iupinits  hdeus,  and  Wixterstein  ''•  found  it  in  ripe 
cheese. 

Lvpin  has  been  s™thetieally  prepared  by  E.  FisrnER  and  Weigeht.* 
This  lysin  %va8  inactive,  wlule  that  pre|>ared  from  proteid  is  always  optic- 
ally active  and  dextrorotatory.  On  heating  with  barium  hydrate  it  is 
converted  into  tbe  inactive  modification.  According  to  ELLixcrER  ^  Imn 
yields  cmlaverin  (pentamethyleudiamine),  CaHi^CXHj)^,  on  putrefaction. 

Lysin  is  readily  soluble  in  water  but  is  not  crj^stalline.  Tlie  aqueous 
Bolution  is  precipitated  by  phosphotungstic  acid  but  not  by  silver  nitrate 

*  Ber.  d.  d.  chem.  GeseUsck,  10  and  11. 

■  Zeitschr.  f.  physiiol  Chem.,  29. 

*  Ber  d,  sticha,  Ges.  d.  Wisscnseh.,  44. 

'Drechse!,  Arch.  f.  (Anat,  il)  Physiol.,  1891,  and  Ber.  d.  d.  chem.Geselisch.,  2d; Sieg- 
fried, Arch,  f.  (.\nat.  u.)  Physipl.,  1891,  and  Ber,  d.  tl.  chem.  Ge8ells<;L,  24;  Hedin, 
Zeitschr.  f.  physiol.  Chem,,  21;  Kossel,  ibid.,  2S;  Kofesel  and  Mathews,  itnd.,  25; 
Kossel  and  Kutscher,  ibid^f  31;  Kutacher,  i'6j,Vl,  29;  Schidze,  ibid.,  2S;  Winterstein, 
cited  in  Schulze  and  WiDterstem,  Ergebnisae  der  Physiologie  I,  Abt.  I,  1902, 

'  Ber.  d.  d.  chem.  Gesdlsch.,  3S. 
'  Zeitschr.  f.  physioL  Chem.,  29. 
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and  baryta-water  (differing  from  arginin  and  histidin).  It  gives  two 
hydrochlorides  with  hydrochloric  acid  and  with  platinum  chloride  a  chlo- 
roplatinate  which  is  precipitable  by  alcohol  and  has  the  composition 
C^i^^'A-HaPtQe+C^sOH.  It  gives  two  silver  salts  with  AgNOg;  one 
has  the  formula  AgNOs+QH^NjOj  and  the  other  AgNOa+QHi.N^Oj.HNO,. 
With  benzoyl  chloride  and  alkali  lysin  forms  an  acid,  lyswric  acidf 
Cfij2iCTH.fi)2S2^2  (Drechsel),  which  is  homologous  with  ornithuric  acid 
and  whose  difficultly  soluble  acid  barium  salt  may  be  used  in  the  sepa- 
ration of  lysin. ^  The  rather  insoluble  picrate,  which  is  precipitated  from 
a  not  too  dilute  solution  of  the  hydrochloride  by  sodium  picrate,  may  be 
used  in  the  detection  of  Ij'sin. 

Ly»tin  or  lysatinin.  The  formula  of  this  substance  is  either  C^H^NgOj  or 
C^jjXjO+H-O.  In  the  first  case  this  base  is  a  homologue  of  creatine,  C^H^NjOj, 
and  m  the  other  case  a  homologue  of  creatinine,  C4H7N3O,  and  this  is  the  reason 
why  this  body  is  called  lysatin  as  well  as  lysatinin.  It  is  still  a  question  whether 
lysatin  is  a  chemical  individual  or,  as  Hedin  suggests,  only  a  mixture  of  lysin 
and  arginin.' 

Histidin,  CgH^jOj,  is,  according  to  the  investigations  of  S.  Frankel,' 
not  a  diamino  acid,  but  more  probably  aminomethyldehydropyrimidin  car- 
bonic acid.  As  it  is  always  obtained  with  the  diamino  acids  it  is  called 
a  hexon  base,  hence  it  will  be  treated  here  with  the  diamino  acids.  Histidin 
was  first  discovered  by  Kossel  in  the  cleavage  products  of  sturin.  It 
was  then  found  by  Hedin  in  the  cleavage  products  of  proteids  by  acid 
hydrolysis  and  by  Kutscher  among  the  products  of  tryptic  digestion,  and 
finally  also  as  a  cleavage  product  of  different  protein  substances.  It  also 
OCCUR  in  germinating  plants  (E.  Schulze).^ 

Histidin  cr\'stallizes  in  colorless  needles  and  plates  and  is  readily  soluble 
in  water,  but  less  soluble  in  alcohol,  and  has  an  alkaline  reaction.  It 
is  precipitated  by  phosphotungstic  acid,  but  this  precipitate  is  soluble 
in  an  excess  of  the  precipitant  (Frankel).  With  silver  nitrate  alone  the 
aqueous  solution  is  not  precipitated;  on  the  careful  addition  of  ammonia 
or  ban'ta-water  an  amorphous  precipitate,  which  is  readily  soluble  in 
an  excess  of  ammonia,  is  obtained.  Histidin  can  be  precipitated  by  mer- 
curic chloride,  or,  still  better,  by  the  sulphate  acidified  with  sulphuric  acid, 
and  can  in  this  way  be  separated  from  the  diamino  acids  as  well  as  from 
the  monamino  acids  (Kossel  and  Patten).  The  hydrochloride  cr>^stal- 
lizes  in  beautiful  plates  (Bauer),  dissolves  rather  readily  in  water,  but  is 

'Drechsel,  Ber.  d.  d.  chem.  Gesellsch.,  28;  see  also  C.  Willdenow,  Zeitschr.  t 
physiol.  Chem.,  25. 

'Hedin,  Zeitschr.  f.  physiol.  Chem.,  21;  Siegfried,  ibid.,  35. 

'Sitz.-Bcr.  d.  Wien.  Akad.,  112,  116,  1903. 

*  Kossel,  Zeitschr.  f.  physiol.  Chem.,  22;  Hedin,  thid.,  Kutscher,  ibid.,  25;  Wetzel, 
(bid.,  26;  Lawrow,  ibid.,  28,  aiid  Ber.  d.  d.  chem.  Gesellsch.,  34;  Kossel  and  Kutscher, 
Zeitschr.  f.  physioL  Chem.,  31;  Hart,  ibid.,  33;  Schulze,  ibid.,  24  and  28. 
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insoluble  in  alcohol  and  ether.  Histidin  is  laevorotatoiy,  while  its  sohi* 
tion  in  hydrochloric  acid  is  dextrorotatory.  On  warming  it  gives  the 
biuret  test  (Herzoq  *),  and  it  also  gives  Weidel's  reaction  if  performed 
as  suggested  by  Fischer  (see  Xanthine,  Chapter  Y)  (Frankel). 

In  the  preparation  of  the  above  bases  we  can  first  precipitate  all  the 
bases  by  phosphotungstic  acid,  when  the  monamino  acids  remain  in  solu- 
tion. The  precipitate  is  decomposed  in  boiling  water  by  barium  hydrate 
and  the  bases  obtained  as  silver  compounds  from  this  filtrate.  In  r^iund 
to  further  details  we  must  refer  to  the  cited  works  of  Drechsel  and  Hedin. 
Kossel  and  Kutscher  '  have  suggested  a  method  of  separating  histidin 
and  arginin  as  silver  compounds  from  lysin,  and  Kossel  and  Patten 
have  proposed  a  method  of  separating  histidin  from  aiginin  by  means  of 
mercuric  sulphate. 

We  give  below  a  tabulation  of  the  amounts  of  the  three  hexon  bases 
found  in  certain  protein  substances  (in  weight  per  cent): 

Arginin  Lysin  Histidin 

Sturin* 58.2  12.0  12.9 

Other  protamins  ' 62.5 — 84.3  0.0  0.0 

Histons* 14.36—15.52  7.7—8.3  1.21—2.34 

Casein* 4.70—4.84  1.92—5.80  2.53—2.69 

Syntonin  (from  meat)  * 5.06  3.26  2.66 

Hetero83mton<»e  * 8.53  3.08—7.03  0.37—1.12 

Proto83mtono8e  * 4.55  3.08  3.35 

Edestin* 11.0—14.07  1.3  1.17 

Proteid  from  conifers  seeds  *. 10.9 — 11.3  0.25 — 0.79  0.62 — 0.78 

Oluten  casein » 4.4  2.15  1.16 

Gluten  proteins  • 2.75—3.13  0.0  0.43—1.53 

Gelatine » and  * 7.62—9.3  2.49—6.0  0.40 

Elastin* 0.3  +  0.027 

3.  Pjrrrol  and  Indol  Derivatives. 

CH,-CH, 
I        I 
a-Pyrrolidin  carbonic  acid,  C5HgN02=CH2  CH.COOH,  was  prepared 

\/ 
NH 

by  E.  Fischer  as  a  cleavage  product  from  casein  (3.2  per  cent)  and 
ovalbumin  (1.55  per  cent)  and  by  him  and  his  collaborators  in  the  trj^jtic 
digestion  of  casein,  and  as  a  cleavage  product  of  haemoglobin  (1.46  per 

*  Kossel  and  Patten,  Zeitschr.  f.  physiol.  Ghem.,  38;  Bauer,  ibid.,  22;  Herzog, 
il)id.,  37. 

'  Zeitschr.  f.  physiol.  Chem.,  31;  Kossel  and  Patten,  1.  c. 
'  Kossel  and  Kutscher,  Zeitschr.  f.  physiol   Chem.,  31. 

*  Hart,  ibid.,  33. 

•Schulze  and  Winterstein,  ibid.,  33;  see  also  Kossel,  Ber.  d.  d.  chem.  GeseUsch., 
34,  3236. 

*  Kossel  and  Kutscher,  Zeitschr.  f.  physiol.  Chem.,  25,  and  Richards  and  Gies, 
Amer.  Joum.  of  Physiol.,  7. 
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cent),  gelatine  (5.2  per  cent),  hom  substance  (3.60  per  cent),  and  from 
sQk  fibroin.^  The  acid  thus  obtained  was  generally  the  laevorotatory 
modification. 

This  acid  is  readUy  soluble  in  water  and  alcohol  and  ciystallizes  in  flat 
needles  which  melt  at  203-206**  C.  with  an  odor  of  pyrrolidine.  The  solu- 
tion acidified  with  sulphuric  acid  is  precipitated  by  phosphotungstic  acid. 
In  the  detection  of  this  acid  we  make  use  of  the  copper  salt  and  the  an- 
hydride of  the  phenylisocyanate  compound.'  The  inactive  acid  and  it| 
compounds  show  somewhat  varying  properties.  In  r^ard  to  the  prepa 
ration  of  this  acid  we  refer  to  p.  74. 

In  the  hydrolysis  of  gelatine  and  casein  E.  Fischer  '  obtained  an  amino 

acid  having  the  formula  CgH^NO,,  which  on  reduction  yielded  a-pyrrolidin 

<:arbonic  acid,  and  which  according  to  Fischer  is  an  oxjrpyrrolidin-a-. 

carbonic  acid. 

Skatolaminoacetic  acid  (tryptophan,  proteinochromogen),  C^^^jd^'^ 

C.CH, 

CjH^      C.CH(NH2)(XX)H,  is  one  of  the  cleavage  products  of  the  pns- 

XH 
tels  formed  in  tr3rptic  digestion  and  other  deep  decompositions  of  tbo 
proteids,  such  as  putrefaction,  cleavage  with  baryta-water  or  sulphuric 
acid,  but  not  in  peptic  digestion.  It  gives  a  reddish-violet  product  with 
chlorine  or  bromine  which  is  called  proteinochrome,  Nencki  *  considered 
trj-ptophan,  which  name  is  generally  given  to  this  acid,  as  the  mother- 
substance  of  various  animal  pigments. 

The  preparation  of  tryptophan  was  for  a  long  time  impossible  until 
Hopkins  and  Cole  *  prepared  a  crystalline  substance  which  they  con- 
sidered pure  tryptophan.  This  substance,  skatolaminoacetic  acid,  crystal- 
lizes in  shining  plates,  which  are  readily  soluble  in  hot  water,  less  soluble  in 
cold  water  and  in  alcohol.  On  heating  sufficiently,  it  yields  indol  and 
skatol.  It  gives  the  Adamkiewicz-Hopkins  reaction  and  a  rose-red  colora- 
tion on  the  addition  of  bromine  water  (tryptophan  reaction).  If  a  pine 
5tick  moistened  with  hydrochloric  acid  and  then  washed  off  be  introduced 
into  a  concentrated  tr>'ptophan  solution,  it  becomes  purple-colored  on  dr>'ing 

'E.  Fischer,  Zeitschr.  f.  physiol.  Chcm.,  33  and  35;  also  Fischer  and  Abderhaldcn, 
'^'id.,  40.     See  also  foot-note  3,  page  67. 

*In  regard  to  the  preparation  of  the  phenylisocyanate  compounds  of  the  amino 
acids,  see  Paal,  Ber.  d.  d.  chem.  Gesellsch.,  27;  Mouneyrat,  ibid.f  33,  and  Hoppe- 
^'ler-Thierf elder's  Handbuch,  7.  Aufl. 

'  Ikr.  d.  d.  chem.  Gesellsch.,  35  and  30. 

*In  regard  to  trytophan,  see  Stadelmann,  Zeitschr.  f.  Biologic,  26;  Neumeister, 
M.,  26;  Nencki,  Ber.  d.  d.  chem.  Gesellsch.,  28;  Beitler,  ibid,,  31;  Kurajeff,  Zeitschr. 
t  physiol.  Chem.,  26;  Klug,  Pfluger's  Arch,  86. 

» Journ.  of  Physiol.,  27. 
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(pyrrol  reaction).  Tryptophan,  as  Hopkins  and  Cole  *  showed  later,  jaelds 
skatolacetic  acid  on  anaerobic  putrefaction,  and  skatolcarbonic  acid,  skatol, 
and  indol  on  aerobic  putrefaction. 

In  regard  to  the  somewhat  complicated  method  of  preparation  we 
must  refer  to  the  original  work  of  Hopkins  and  Cole. 

8k«totin»  C.oHjeNjOj,  is  a  base  first  obtained  by  Baum  in  the  pancreas  auto- 
digestion  and  later  studied  by  Swain.  It  develops  an  indol-  or  skatol-like  odor 
on  fusing  with  potassium  hydrate.  Langstein  '  obtained  a  substance,  which  is 
perhaps  identical  with  skatosin,  in  the  very  lengthy  peptic  digestion  of  blood 
proteid. 

The  putrefactive  products  of  the  proteids  will  be  in  part  treated  in 
Chapter  IX  (intestinal  putrefaction)  and  in  part  in  Chapter  XV  (putre-. 
f active  products  in  the  urine). 

*  Joum.  of  Physiol,  29;  see  also  EUinger  and  Gentzen,  Hofmeister's  Beitrage,  4. 
'Baum,  Hofmeistor's  Beitrage,  3;  Swain,  ibid.;  Langstein,  see  Hofmeister,  Uber 
Bau  und  Gruppiening  der  Eiweisskorper,  in  Ergebnisse  der  Physiologie,  I,  Abt.  1, 1902L 


CHAPTER  m. 

THE  CARBOHYDRATES. 

We  designate  with  this  name  bodies  which  are  especially  abundant 
in  the  plant  kingdom.  As  the  protein  bodies  form  the  chief  portion  of 
the  solids  in  animal  tissues,  so  the  carbohydrates  form  the  chief  portion 
of  the  dn'  substance  of  the  plant  structure.  They  occur  in  the  animal 
kingdom  only  in  proportionately  small  quantities  either  free  or  in  com- 
binations with  more  complex  molecules,  forming  compound  proteids. 
Carbohydrates  are  of  extraordinarily  great  importance  as  food  for  both 
man  and  animals. 

The  carbohydrates  contain  only  carbon,  hydrogen,  and  oxygen.  The 
last  two  elements  occur,  as  a  rule,  in  the  same  proportion  as  they  do  in 
water,  namely,  2:1,  and  this  is  the  reason  why  the  name  carbohydrates 
has  been  given  to  them.  This  name  is  not  quite  pertinent,  if  strictly  con- 
sidered; because  even  though  we  have  bodies,  such  as  acetic  acid  and 
lactic  acid,  which  are  not  carbohydrates  and  still  have  their  oxygen  and 
hydrogen  in  the  proportion  as  in  water,  nevertheless  we  also  have  a  sugar 
(rhamnose,  CqHijOs)  which  has  these  two  elements  in  another  proportion. 
Heretofore  it  was  thought  possible  to  characterize  as  carbohydrates  those 
bodicjs  which  contained  6  atoms  of  carbon,  or  a  multiple,  in  the  molecule, 
but  thiis  is  not  considered  valid  at  the  present  time.  We  have  true  carbo- 
hydrates containing  less  than  6  and  also  those  containing  7,  8,  and  9  car- 
bon atoms  in  the  molecule.  The  carbohydrates  have  no  properties  or 
characteristics  in  general  which  differentiate  them  from  other  bodies; 
<>n  the  contrary,  the  various  carbohydrates  are  in  many  cases  very  different 
in  their  external  properties.  Under  these  circumstances  it  is  very  difficult 
^  give  a  positive  definition  for  the  carbohydrates. 

From  a  chemical  standpoint  we  can  say  that  all  carbohydrates  are 
aldehyde  or  ketone  derivatives  of  polyhydric  alcohols.  The  simplest 
carbohydrates,  the  simple  sugars  or  monosaccharides,  are  either  aldehyde 
^r  ketone  derivatives  of  such  alcohols,  and  the  more  complex  carbohydrates 
^m  to  be  derived  from  these  by  the  formation  of  anhydrides.  It  is  a 
fact  that  the  more  complex  carbohydrates  yield  two  or  even  more  molecules 
of  the  simple  sugars  when  made  to  undergo  hydrolytic  splitting. 

The  carbohydrates  are  generally  divided  into  three  chief  groups,  namely, 
ffmosaccharides,  disaccharides,  and  polysdccharides. 
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Our  knowledge  of  the  carboliydrat-es  and  their  structural  relationships 
has  recently  been  very  much  extendeti  by  the  pioneering  investigations 
of  KiLiANi  *  and  especially  those  of  E.  Fischer.' 

As  the  carbohytlratcs  occur  chiefly  in  the  plant  kmgdom  it  is  naturally 
not  the  place  here  to  give  a  complete  discussion  of  the  numerous  carljo- 
bydrates  known  up  to  the  present  time.  According  to  the  plan  of  this 
work  it  is  only  possible  to  give  a  short  review  of  those  carbohydrates  which 
occur  in  the  animal  kingdom  or  are  of  special  importance  as  food  for  man 
and  animals* 


Monosaccharides. 

All  varieties  of  sugars,  the  monosaccharides  as  well  as  disaccharides^ 
are  characterized  by  the  termination  *'ose/*  to  which  a  root  is  added 
signifying  their  origin  or  other  relations.  According  to  the  numljer  of 
carbon  atoms,  or  more  correctly  ox}'gen  atoms,  containetl  in  the  molecide 
the  monosaccharides  are  divided  into  trwses,  tdroseSj  penloses,  hcxoscs, 
heptoses,  and  so  on. 

All  monosaccharides  are  cither  aldehydes  or  ketones  of  polyhydric 
alcohols.  The  first  are  termed  aldoses  and  the  other  kdoses.  Ordinary 
dextrose  is  an  aldose,  while  ordinary  fruil  sugar  (laevulose)  is  a  ketose.  The 
difference  may  be  shown  by  the  structural  formula  of  these  two  varieties  of 
sugar: 

Dextrose  =CH,(OH).CH(OH).CH(OH)rH(OH).CH(OH).CHO; 
LaEvulose= CHj(OH)  .C^H(OH)XH(OH),CH(OH)  .CO.CHsCOH). 

A  difference  is  abo  observed  on  oxidation.  The  aldoses  can  be  con- 
VCTted  into  oxya*^ids  having  the  same  quantity  of  carbon,  wliile  the  ketases 
yield  acids  having  less  carbon.  On  mild  oxidation  the  aldoses  yield  mono- 
basic oxyacids  and  dibasic  acids  on  more  energetic  oxidation.  Thus 
ordinar}^  dextrose  yields  gluconic  aeid  in  the  first  case  and  saccharic  acid  in 
the  second* 

Gluconic  acid  =CPij{0H).[CH(0H)],.CO0H; 
Saccharic  acid  =  COOH.[CH(OH)],.CO0H. 

The  monobasic  oxyacids  are  of  the  greatest  im|>ortAnce  in  the  artificial  forma- 
iion  of  the  monosaccharides.    These  acidsj  as  lact4)ties,  can  be  converted  into 


»  Bcr.  d,  deutwk  chem,  Ge&cUsch,  18,  19,  and  20. 

'See  E.  Fbchcr's  lecture:  "Synthesen  in  der  Zuckergruppe/*  Ber.  d,  deut;3ck 
obem.  GeseUschn,  23|  2114,  An  excclleiit  work  on  carbohydrates  is  ToUen's  *' Kurzea 
H&ndbuch  der  Koblehydrate/'  Breslau,  2*  1895»  and  1.  2.  AuHage,  189$,  which  givos 
A  complete  review  of  the  litcraturu. 
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tbeir  respective  aldehydes  (corresponding  to  the  sugars)  by  the  action  of  nascent 
hydrogen.  On  t^e  other  hand,  they  may  be  transformed  into  stereoisomeric 
adds  on  heating  with  quinoline,  p^Tidine,  etc.,  and  the  stereoisomeric  sugars  may 
be  obtained  from  these  by  reduction. 

Numerous  isomers  occur  among  the  monosaccharides,  and  especially  in  the 
hexose  group.  In  certain  cases,  as  for  instance  in  glucose  and  kevulose,  we  are 
dealing  with  a  different  constitution  (aldoses  and  ketoses),  but  in  most  cases 
ire  have  stereoisomerism  due  to  the  presence  of  asynmietric  carbon  atoms. 

The  monosaccharides  are  converted  into  the  corresponding  polyhydric 
alcohols  by  nascent  hydrogen.  Thus  arabinose,  which  is  a  pentose^ 
CjHjflO,,  is  transformed  into  the  pentatomic  alcohol,  arabite,  CjHuOg. 
The  three  hexoses,  dextrose,  l^vulose,  and  galactose,  QH^Ob,  are 
transformed  into  the  corresponding  three  hexJtes,  sorbite,  mannite,  and 
DnxriTE,  CeHj^Og.  In  these  reductions  a  second  isomeric  alcohol  is  also 
obtained;  in  the  reduction  of  kevulose  we  obtain  besides  mannite  also 
sorbite.  Inversely,  the  corresponding  sugars  may  be  prepared  from 
polyhydric  alcohols  by  careful  oxidation. 

Similar  to  the  ordinary  aldehydes  and  ketones  the  sugars  may  be  made  to 
take  up  hydrocyanic  acid.  Cyanhydrines  are  thus  formed.  Tnese  addition 
products  are  of  special  interest  in  that  they  make  the  artificial  preparation  possi- 
ble of  sugars  rich  in  carbon  from  sugars  poor  in  carbon. 

As  an  example,  if  we  start  from  dextrose  we  obtain  glucocyanhydrin  on  the 
addition  of  hydrocyanic  acid : 

CH,.(OH).[CH(OH)],.GOH-f-HCN  -  CH2(0H).[CH(0H)],.CH(0H).CN. 

On  the  saponification  of  glucocyanhydrin  the  corresponding  oxyacid  is  formed: 

CH,(0H).[CH(OH)L.GH(OH).CX-f  2H2O 

-  CH2(0H).[CH(0H)]^.CH(0H).C00H+  NH,. 

By  the  action  of  nascent  hydrogen  on  the  lactone  of  this  acid  wc  obtain  gluco- 

The  monosaccharides  give  the  corresponding  oximes  with  hydroxylamine; 
thus  glucose  yields  glucosoxirae,  CH2(C)H).[CH(0H)]^.CH  :  N.OH.  These  com- 
binations are  of  imi:x)rtance  on  account  of  the  fact,  as  found  by  Wohl,^  that 
they  are  the  starting-point  in  the  building  up  of  varieties  of  sugars,  namely,  the 
preparation  of  sugars  i)oor  in  carbon  from  those  rich  in  carbon. 

The  monosaccharides  are  strong  reducing'  bodies,  similar  to  the  alde- 
hydes. They  reduce  metallic  silver  from  ammoniacal  silver  solutioas,  and 
^  several  metallic  oxides,  such  as  copper,  bismuth,  and  mercurj"  oxides, 
on  warming  their  alkaline  solutions.  This  property  is  of  the  greatest 
importance  in  their  detection  and  quantitative  estimation. 

With  phenylhydrazine  or  substituted  phenylhydrazines  the  sugars  first 
yield  hydrazones  with  the  elimination  of  water,  and  then  on  the  further 
action  of  hydrazine  on  warming  in  an  acetic  acid  solution  we  obtain  osazones, 

*  Ber.  d.  deutsch.  chem.  Gcsellsch.,  26. 
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The  reaction  takes  place  as  follows: 


<a)  CH,(OH).[CH(OH)i.CH(OHKCHO+  HaN.NH.C.Hg 

H).[CH(OH)VCT"  '" 

p  y  Ig  I  uco«h>'il  rRKODC. 


CHJOH).[CH(OH)VCH(OH)CH  :  N.NH.C,H6+ H,0. 

Theny' '--' 


(5)  CH5(0K)[CH(0HlVCIi(0H).CH  :  N.XH.CeH^+HjN.NH.C^Hs 
=  CHj(OH).[CH(OH)i.C  .  ClI  :  N.XH.C.Hs 

Phcny  Igl  UGotia£one. 

The  hydrogien  is  not  evolved,  but  suits  on  a  second  molecule  of  phenylliy- 
drazine  and  splits  it  into  aniline  and  ammonia: 

The  osazones  are  generally  yellow  cn^stalline  fombinations  which  tliflfer 
from  each  other  in  melting-point,  solubility,  and  optical  properties^  and 
hence  have  received  great  importance  in  the  characterization  of  certain 
sugars.  They  have  also  become  uf  extraordinarily  great  interest  in 
the  «tudy  of  the  carbohydrates  for  other  reasons.  Thus  they  are  a  very* 
good  meaas  of  precipitating  sugars  from  solution  in  wlilch  they  occur  mixed 
with  otlier  lx>dies,  and  they  are  of  the  greatest  importance  in  the  artificial 
preparation  of  sngare.  On  cleavage,  by  the  short  action  of  gentle  heat  anil 
fimiing  hydrochloric  acid  (for  disac charities  still  better  with  beuzaldehyde) ' 
the  osazories  yield  so-called  osones^  which  on  reduction  peld  glucoses  and 
more  often  ketoses. 

We  can  also  pass  from  the  osazones  to  the  corresponding  sugars 
(ketoses)  in  other  ways,  namely,  by  direct  reduction  of  the  osazones  with 
acetic  acid  and  zinc  dust.  The  corresponding  osamine  is  first  formed 
(from  phenylglucosazone  we  obtain  isogluc^osamine),  wliich  on  treatment 
\\ith  nitrous  acid  yie'ds  the  sugar  (in  this  case  br\^]ose). 

The  sugars  can  be  prepared  from  the  hydrazones  by  decomposition 
with  benzaldehyde  (HEHZFELn)  or  with  formaldehyde  (Ruff  and  Ollen- 
dorff'). Tliis  latter  method  is  especially  applicable  if  substituted  hydra- 
zines, especially  benzylphenylhydrazine,  is  used. 

With  ammonia  the  glucoses  may  form  compounds  which  have  been 
considered  as  osamincs  by  Lobry  de  Bruyn^  but  to  differentiate  them  fn)m 
the  true  osarnincs  have  been  called  osimines  by  E.Fischer.*  The  corre- 
sponding oaamiruc  acid  can  be  obtained  from  such  an  osimiiie  by  the  action 
of  ammonia  and  hj^drocyanic  acid,  and  from  the  hydrt>chli>ric-acid  lactone 
of  thb  arid  the  osamine  is  obtainetl  by  reduction  with  sodium  amalgam. 
In  this  manner  E,  Fischer  and  Lbuchs  artificial!}'  prepared  d-glucasa- 
mine,  which  occuna  in  the  animal  kingdom  and  is  an  isomer  of  the  above* 


*  E.  Fischer  and  Armstrong,  Ber,  d.  d.  chera.  GpscUsch,,  3o. 
» Herzfeld,  ibid.,  28;  Rui!  and  Ollendorff,  ibid.,  aS. 
'  Lobo'  de  Bruyn,  i^id,,  28;  E.  Fischer,  (bid,,  So. 
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mentioned  Lsoglucosamine,  by  starting  from  d-arabinose,  then  obtaining 
d-arabinosimine,  then  d-glucosaminic  acid,  and  finally  the  glucosamine 
from  the  lactone  of  this  acid.  They  *  also  have  prepared  1-glucosamine 
from  1-arabinose  in  a  similar  manner. 

By  the  action  of  hydrochloric  acid  upon  alcoholic  sugar  solutions  E. 
Fischer  and  his  pupils  have  obtained  ether-like  compounds  which  have 
been  called  glucosides.  Compoimds  with  aromatic  groups  similar  to  the 
glucosides  occur  widely  distributed  in  the  vegetable  kingdom.  The  more 
complex  carbohydrates  may  be  considered,  according  to  Fischer,  as 
glucosiJes  of  the  sugars.  Thus  maltose,  for  example,  is  the  glucoside  and 
lactose  the  galactoside  of  dextrose. 

By  the  action  of  alkalies,  even  in  small  amounts,  as  also  of  alkaline  earths 
and  lead  hydroxide,  a  reciprocal  transformation  of  the  sugars,  such  as 
dextrose,  Isevulose,  and  mannose,  may  take  place  (Lobry  de  Bruyn  and 
Alberda  van  Ekensteix'). 

Four  other  sugars,  among  them  two  ketoses,  are  produced  by  the  action  of 
potash  or  soda  on  each  of  the  three  sugars,  dextrose,  laevulose,  and  galactose. 
for  example,  from  dextrose  two  ketoses,  Iffivulose  and  pseudolffivulose,  are  pro- 
duced, also  mannose  and  a  non-fermentable  sugar,  glutose.  From  galactose 
arc  formed  talose  and  galtose,  besides  two  ketoses,  tagatose  and  pseudotagatose. 

The  transformation  of  the  different  varieties  of  sugar  into  each  other 
ak)  occurs  in  the  animal  body.  Neuberg  and  Mayer  '  have  shown  by 
experiments  on  rabbits  the  partial  transformation  of  various  mannoses  into 
the  corresponding  glucoses. 

The  monosaccharides  are  colorless  and  odorless  bodies,  neutral  in  reac- 
tion, with  a  sweet  taste,  readily  soluble  in  water,  generally  soluble  with 
diffipulty  in  absolute  alcohol,  and  insoluble  in  ether.  Some  of  them 
cnstallize  well  in  the  pure  state.  They  are  optically  active,  some  hevo- 
rotatoF}'  and  others  dextrorotatory';  but  there  arc  also  optically  inactive 
flKKlifieations  (racemic),  which  are  formed  from  two  optically  opposed  com- 
ponents. 

We  designate  the  optical  activity  of  the  carbohydrates  with  the  letter  1- 
for  lipvogyrate,  d-  for  dextn)gyrate,  and  i-  for  inactive.  These  are  only 
partly  useful.  Thus  dextrorotatory  glucose  is  designated  d-glucose,  la'vo- 
p>tator\'  1-glucose,  and  the  inactive  i-glucose.  Emil  Fischer  has  used  these 
si^  in  another  sense.  He  designates  by  these  signs  the  mutual  relationship 
of  the  various  kinds  of  sugars  instead  of  their  optical  activity.  For  exam- 
ple, he  does  not  designate  the  k^vorotatorj'  laevulose  1-laevulose,  but  d-la}\n.i- 
lose,  showing  its  close  relation  to  dextrorotatory  d-glucose.      This  designa- 

*  Ber.  d.  d.  chem.  Gesellsch.,  36  and  35,  3787. 

'/Wrf.,  28,  3078;   Bull  see.  chim.  de  Paris  (3),  15;   Chem.  Centralbl,  189G,  2,  and 
1897,  2. 

'Zeitschr.  f.  physiol.  Chem.,  37. 
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tion  Is  gonerally  accepted,  and  the  above-mentioned  signs  only  show  the 
optical  properties  in  a  few  cases* 

Specific  rotation  means  the  rotation  in  degrees  produced  by  1  gm.  substance 
dissolved  in  1  c(\  liquid  placed  in  a  tube  1  dmn,  long.  The  reading  is  ordinarily 
made  at  20°  C,  and  whh  a  h<jmogeneuus  sodium  light.  The  speiifii:  rotation  with 
this  light  is  represented   by  ia)j^^  and  is  expressed  by  the  following   formula: 

{a)a  -  ^r~ri  i^  which  a  repre-sents  the  reading  of  degrees,  1  the  length  of  the 

tube  in  decimetres,  and  />  I  he  wei  ht  of  substance  in  1  c.c.  of  the  liquid.      In- 
versely the  iKT  cent  f  of  substance  can  be  calculated,  when  the  s])ecifie  rotation 

is  known,  by  the  formula  F^-^y  ,  in  which  s  represents  the  known  specific 

rotation. 

A  freshly  prepared  sugar  solution  often  shows  another  rotation  from  that 
after  it  has  L«en  allowed  to  stand  for  some  time.  If  the  rotiititm  gradually 
diminishes,  this  is  called  birotation,  while  a  gradual  increase  in  the  rotation  \& 
called  half-rotation. 

Many  monosaceharides,  but  not  all,  ferment  with  veast,  and  it  has  been 
Bhown  that  only  those  varieties  of  sugar  containing  3,  6,  or  9  atoms  of 
carbon  in  the  molecule  are  fermentable  with  yeast.  We  must  state,  how- 
ever, that  the  power  of  fermentation  wdth  pure  yeast  has  been  shown 
only  for  the  hexose  group,  and  in  fact  all  of  the  hexoses  do  not  ferment 
The  restriction  of  fermentation  tx>  only  certain  monr>saccharides  is,  accord- 
ing to  E.  FiscHERj  like  the  action  of  the  inverting  enzymes  open  disac- 
charides  and  glueosldes,  tlei>en(ient  upon  the  stei-eometric  configuration  of 
the  sugars  (see  Chapter  I),  This  difference  in  configuration  is  not  only 
important  for  the  action  of  lower  living  organisms  upon  the  sugars,  but 
also  upon  the  behavior  of  the  sugars  witliin  liigher  developed  organisms. 
Thus  the  investigations  of  Neuberg  and  Wohlgemuth  ^  upon  arabinose 
and  Neuberg  and  Mayer  *  on  mannoses  have  shown  that  in  rabbits  the 
1-arabinose  and  the  d-mannose  are  much  better  utilized  than  d-  and  i-ara- 
binose  or  1-  and  i-mannose,  and  they  have  also  shown  that  the  lower  organ- 
isms have  the  tendency  of  decomposing  inactive  substances  into  their 
optically  active  components  to  a  much  higher  degree  than  the  higher 
organisms. 

By  the  action  of  lower  organisms  of  various  kimls  the  sugars  may  be 
made  to  imdcrgo  fermentations  of  diflerent  kinds,  such  as  lactic  acid  and 
butyric  acid  fermentation  ajxd  mucilaginous  fermentation. 

The  simple  varieties  of  sugar  occur  in  part  in  nature  as  such,  already 
formed,  wliich  is  the  ease  %vith  both  of  the  very  important  sugars,  dextrose 
and  l£c\^lose.  They  also  occur  in  great  abundance  in  nature  as  more 
complex  carbohydrates  (di-  and  polysaccharides);  also  as  ester-Eke  com- 
binations with  different  substances,  as  so-called  glueosldes. 

'  2eitsckr,  f .  phy sioL  Chein. ,  35, 
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Among  the  groups  of  monosaccharides  known  at  the  present  time,  those 
containing  less  than  five  and  more  than  six  carbon  atoms  in  the  molecule 
have  no  great  importance  in  biochemistry,  although  they  are  of  high  scien- 
tific interest.  Of  the  other  two  groups  the  hexoses  are  of  the  greatest 
importance,  because  in  the  past  only  those  carbohydrates  with  six  carbon 
atoms  were  considered  as  true  carbohydrates.  As  the  pentoses  have  been 
the  subject  of  considerable  biochemical  investigations  of  late,  they  will 
also  be  given  in  short. 

Pentoses  (C5H10O5). 

As  a  rule  the  pentoses  do  not  occur  as  such  in  nature,  but"  are  fonned  in 
thebydrolytic  splitting  of  several  more  complex  carbohydrates,  the  so-called 
]pento8anes,  especially  on  boiling  gums  with  dilute  mineral  acids.  The 
pentosanes  exist  ver>'  widely  distributed  in  the  plant  kingdom  and  are 
especially  of  great  importance  in  the  building  up  of  certain  plant  con- 
stituents. The  pentoses  were  first  found  by  Salkowski  and  Jastrowitz 
in  the  animal  kingdom  in  the  urine  of  a  person  addicteil  to  the  morphine 
habit,  and  later  by  Salkowski  and  others  in  normal  human  urine.  Small 
quantities  of  pentoses  have  been  detected  by  Kulz  and  Vogel  ^  in  the 
urine  of  diabetics,  as  also  in  dogs  with  pancreas  diabetes  or  phlorhizin 
diabetes.  Pentose  has  also  been  found  by  Hammarsten  amongst  the 
cleavage  products  of  a  nucleoproteid  obtained  from  the  pancreas,  and 
seems  also,  according  to  the  observations  of  Blumenthal,  to  be  a  constit- 
uent of  nucleoproteids  of  various  organs  such  as  the  thymus,  thyroid, 
brain,  spleen,  and  liver.  In  regard  to  the  quantity  of  pentoses  found  in 
the  various  organs  we  must  refer  to  the  works  of  Grund  and  of  I^exdix 
and  Ebstein.- 

The  pentosanes  (Stone,  Slowtzoff)  as  well  as  the  pentoses  are  of  the 
greatest  importance  as  foods  for  herbivorous  animals.  In  regard  to  the 
value  of  the  pentoses,  the  researches  of  Salkowski,  Cremer,  Neubero 
and  Wohlgemuth  ^  upon  rabbits  and  hens  show  that  these  animals  can 
utilize  the  pentoses  and  indeed  can  use  them  as  glycogen  formers,  and  at 
the  same  time  they  showed  the  extent  to  which  the  pentoses  act  as  true 

'Salkowski  and  Jastrowitz,  Centralbl.  f.  d.  mod.  Wissensch.,  1892,  337  and  503; 
Salkowski,  Berl.  klin.  Wochcnschr.,  1S95;  Bial,  Zeitschr.  f.  klin.  Med.,  39;  IVial  and 
Blumenthal.  Deutsch.  med.  Wochenschr.,  1901,  No.  2;  Kiilz  and  Vogel,  Zeitschr.  f. 
Biologie.  32. 

'Hammarsten,  Zeitschr.  f.  physiol.  Chem.,  19;  also  Salkowski,  Berl.  klin.  Wochcn- 
schr., 1895;  Blumenthal,  Zeitschr.  f.  klin.  Med.,  34;  Grund,  Zeitschr.  f.  physiol.  Chem., 
io;  Bendix  and  Ebstein,  Zeitschr.  f.  allgemcin.  Physiol.,  2. 

'Stone,  Amer.  Chem.  Joum.,  14;  Slowtzoff,  Zeitschr.  f.  physiol.  Chem.,  34;  Sal- 
kowski, 1.  Ct  Centralbl.;  Cremer,  Zeitschr.  f.  Biologie,  29  and  42;  Neuberg  and  Wohl- 
gemuth, 1.  c. 
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or  only  indirect  prodiioers  of  glycogen  (see  Chapter  \T^TT).  The  pen 
Beem  to  l>e  absorbed  by  hunmn  beings  and  in  part  utilizeil,  but  they 
in  part  into  the  urine  even  when  sjnall  quantities  are  taken.* 

The  natural  pentoses  are  retiueing  ahlnses  and  as  a  rule  do  not  belong 
to  the  sugars  fernientiible  with  yeast.  Still,  the  observations  of  Salkowski, 
Bendix.  Schone  and  Tollens  seem  to  indicate  that  the  pentoses  are 
fermentable.^  They  are  reaflily  decomposed  by  putrefaction  bacteria. 
On  heating  with  liyclroehloric  acid  they  yield  furfurob  but  no  levuliaic 
acid.  Tlie  furfurol  passing  over  on  distilling  with  hydrochloric  acid  ran 
be  detecteil  by  the  aid  of  aniline-acetate  paper,  which  is  coloreii  beauti- 
fully red  by  f urfuroh  In  the  quantitative  estiuiatiun  we  can  use  the  method 
suggested  by  Tollexs,  which  cousipts  of  converting  the  furfurol  in  the 
distillate  into  phloroglucide  by  means  of  phloroglucin  and  weighing  (see 
ToLLENs  and  Krqbeu,  Grund,  Bendix  and  Ebsteix).*  The  two  follow- 
ing pentose  reactions,  as  suggested  by  Tollexs,  are  e^specially  applicable; 

The  orcin-hydrochloric  acid  test.  Mix  with  the  solution  or  the 
substance  introtiuctxl  into  water  an  equal  volume  of  concentrated  hydro- 
chloric acid,  add  some  orcin  in  substance,  and  heat.  In  the  presence 
of  pentoses  the  solution  becomes  reddish  blue,  then  bluish  green,  and  on 
spectroscopic  examination  an  absorption-band  is  observ-ed  between  C  and 
D.  If  it  is  cooled  partly  atid  shaken  with  amyl  alcohol  a  bluish-green 
golution  which  shows  tlie  same  band  is  tjhtainetl. 

The  phloroglucin-hydrochioric  acid  test*  This  test  is  performed  in 
the  same  manner  as  the  above,  using  phloroglucin  instead  of  orein.  The 
soltUion  becomes  cherrt'-red  on  heating  and  then  becomes  cloudy  and  hence 
a  shaking  out  with  amyl  alcohol  is  very  necassary.  The  retl  amyl  alcohol 
solution  shows  an  aljsori^tion  band  between  D  and  E.  The  orrin  test  is 
better  for  several  reasons  than  the  i)hlorogiucin  test  (Salkow?iki  and 
Neltuerg  *).  In  regard  to  the  use  of  these  tests  in  urine  examination  see 
Chapter  XV. 

ArabiDOses.  The  pentose  isolated  by  Neurerg  *  from  human  urine 
s  i-arabinose.  It  can  be  isolated  from  the  urine  as  diphenylhydrazone, 
fmm  which  the  arabinose  can  be  separated  by  splitting  with  fonimldehyde. 
The  i-arabinose  is  crystalline,  has  a  sweetish  taste,  Is  optically  inactive, 
and   melts   at   163-164°  C.     Its   diphenylhydrazone   melts   at  2U0°  C,   is 


^See  Ebstein,  Virc how's  Arch,,  121*;  Tollous.  Ber.  d.  deiitscb,  ehem,  Gesellsch.,  21*, 
1208;  CremeFp  I.  c;  Lindemaiiii  and  May,  DeuUch.  Arch,  f.  kliu.  Med.,  Ml;  Sab 
kowski,  Zeitschr.  f.  y>hysioL  Cheni,,  30. 

'Salkowski,  Zeitethr  f.  physiol.  Cliem*.  M;  Bendix,  see  Chem.  Centralbl.,  1900,  1; 
gchuiie  and  Tollens.  ibid.,  1901,  1. 

"  Bendix  and  Ebsterii,  1.  c,  whirh  oontaina  the  literature. 

*8alkow8ki,  Zeitdcbr  L  physiol.  Chera.»  27;   Neuberg,  ibid.,  31. 

•Ber.  d.  d.  chem.  Gesellseh  .  Jlli. 
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insoluble  in  cold  water  and  alcohol,  but  readily  soluble  in  pyridine.  The 
osazone  melts  at  166-168^  C. 

The  dextrorotator}"  l-arabinose  is  obtained  by  boiling  gum  arabic  or 
ch^ry  gum  i\dth  dilute  sulphuric  acid.  The  d-arabinose  is  prepared  synthet- 
icall}\  Both  of  these  arabinoses  give  diphenylhydrazones  which  melt 
at  215-218^  C. 

Xyloses.  The  only  pentose  thus  far  isolated  from  the  animal  tissues  is 
I-xylose,  obtained  by  Neuberg  '  from  the  pancreas  proteids,  and  is  identi- 
cal with  the  xylose  found  widely  distributed  in  the  plant  kingdom  and 
obtained  from  wood-gum  by  boiling  with  dilute  acids.  Xylose  is  crystalline, 
melts  at  15^154^  C,  dissolves  very  readily  in  water  but  with  difficulty  in 
alcohol,  is  faintly  dextrorotatory,  (0)0=  +18.1*^,  and  gives  a  phenylosazone 
which  melts  at  159-160^  C. 

Hexoses  (QHuO^. 

The  most  important  and  best-known  simple  sugars  belong  to  this  group, 
and  the  other  bodies  which  have  been  considered  as  carbohydrates  in  the 
past  (\iith  the  exception  of  arabinose  and  inosite)  are  anhydrides  of  this 
group.  Certain  hexoses,  such  as  dextrose  and  Isevulose,  either  occur  in 
nature  already  forme<l  or  are  produced  by  the  hydrolytic  splitting  of  other 
more  complicated  carbohydrates  or  glucosides.  Others,  such  as  mannose 
or  galactose,  are  formed  by  the  hydrolytic  cleava^^e  of  other  natural 
products;  while  some,  on  the  contrary,  such  as  gulose,  talose,  and  others, 
are  obtained  only  by  artificial  means. 

All  hexoses,  as  also  their  anhydrides,  yield  laivulinic  acid,  CgllgOa, 
besides  formic  acid  and  humus  substances  on  boiling  with  dilute  mineral 
acids.  Some  of  the  hexoses  are  fermentable  with  yeast,  while  the  artificially 
prepared  hexoses  are  not,  or  at  least  only  incompletely  and  with  r;reat 
difficulty. 

Some  hexoses  are  aldoses,  while  others  are  ketoscs.  Belonging  to  the 
first  group  we  have  maxxose,  dextrose,  gulose,  galactose,  and  talose, 
and  to  the  other  l.evitlose,  and  possibly  also  sokbixose.  We  differen- 
tiate  also  between  the  d,  1,  and  i  modifications;  for  instance,  d-,  1-,  and 
i-dextrose;  hence  the  number  of  isomers  is  very  great. 

The  mo.st  important  syntheses  of  the  carbohydrates  have  been  made  by 
E.  Fischer  and  his  pupils  chiefly  within  the  members  of  the  hexose  group. 
A  short  summary  of  the  syntheses  of  hexoses  is  given  below. 

The  first  artificial  preparation  of  a  suiG:ar  was  made  by  Butlerow.  On 
treating  trioxymethylenc,  a  polymer  of  formaldehyde,  with  lime-water  he  ob- 
tained a  faintly  sweetish   sirup   called  mcthylcnitan.     Loew  '  later  obtained  a 

^  Bcr.  d.  d.  chem.  Gcscllsch.,  35. 

'Butlerow,  Ann.  d.  Chem.  u.  Pharm.,  120;  Comj)t.  rend.,  .>3;  O.  Loew,  Journ.  f. 
prakt.  Chem.  (X.  F.),  33,  and  Ber.  d.  deutsch.  chem.  Geseilscti.,  20,  21,  22. 
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mixture  of  several  sugars,  from  ivhich  ho  isolated  a  fermentable  sugar ^  called 
mdhosCf  by  eotidetisiition  of  formaldehyde  iJi  the  presence  of  bases.  The  mo^it 
important  aod  comprehensive  synthe^sea  of  sugar  have  been  preformed  by  E. 
Fischer,* 

The  start  in j^-point  of  these  syntheses  is  a-acrosc,  which  oecurs  as  a  eondensa- 
tion  j^rodurt  of  formaldehyde.     The  name  er-aerose  has  been  given  to  this  b()di 
because  it  is  ol>tairied  from  acrolein  bromide  by  the  action  of  bases  (Fischer) 
It  is  also  obt-:iined  admixed  with  p-atrosc  on  the  oxidation  of  glycerine  witli^ 
broniine  in  the  ]jresoncc  of  sodium  carlxmate  and  treating  the  resulting  mixture 
with  lilkali.     On  the  oxidaticin  with  bromine  a  mixture  of  glycerine  aldehvde, 
(^HXJH.CH(OH).("H().    and    dioxyacetone,    CH2(OH).CO.CH3dH,    is    obtaim^ 
Tliese   two   bodies  may  be  considered  as  true   sugar-glyceroses  or  trios«^s.    It 
seems  as  if  a  condensation  to  hexoses  takes  place  on  treatment  with  alkalies. 

Q-acrose  may  be  isolatetl  from  the  above  mixture  and  obtained  pure  by  first 
convert  ing  it  intct  its  nsjizone  and  then  retransforming  this  intr *  the  sugar,  a-acrcee 
ia  identical  with  i-lif'VT.dosc.  With  yeast  one  half^  the  hcvogyrate  d-hevulose, 
ferments  while  the  dextrogjTate  l-la-vulose  remabis.  The  i-  and  l-hrvulose 
may  be  prepjired  in  tliis  way. 

On  the  reduction  of  <i'-acrose  we  obtain  nr-acrite,  which  is  identical  with  i-nian* 
jiite.  On  oxidation  of  i-mannite  we  obtain  i-mannose,  from  which  oidy  1-mannuae 
remains  on  fertnenlation.  On  further  oxidalion  of  i-mannose  it  yields  i-niannouic 
Bcid,  The  tuo  active  mannonir  a(ids  may  )h}  separated  from  each  other  by 
the  fractional  crystallization  of  their  strychnine  or  morj>h!ne  sidts.  The  two 
corresfionding  mannoses  may  be  obtained  from  these  two  aciils,  d-  and  1-mannonic 
acids,  by  reduction. 

d-l:evulose  is  obtained  from  d-mannose  by  the  method  given  on  page  86,  using 
the  osazone  iis  an  intermediate  step.  The  d-  and  l-mannonic  acids  are  jmrtly 
converted  into  d-and  1-gluconic  acid  on  heating  with  quinoline,  and  d-  or  bglucose 
is  obtained  on  the  retluction  of  these  acids;  I-glucose  is  lH\st  i>repared  from 
l-aralnnose  by  means  of  the  cyanhydrin  reaction,  using  1-gluconic  acid  as  the 
intermediate  step.  The  combination  of  1-  and  d-gluconic  acid,  forming  i-glu- 
conic  acid,  yields  i-glucose  on  reduction. 

The  artificiiil  preparatioji  of  sugars  by  means  of  the  comjensation  of  formalde-j 
hyde  has  received  sps^cial  interest  Iw cause,  according  to  Baeyer's  assimiiationl 
hypothesis  of  plants,  fonnaldehyde  is  first  formed  l>y  the  redtiction  of  carhoaj 
dioxide,  and  the  sugars  are  produced  by  the  condensation  of  this  formtddehyde. ' 
BoKORXY  ^  has  shown,  by  spi'cial  cxjM'riments  on  algte  *^pirog}Ta,  that  fornullde-i 
hyde  sodium  sulphite  was  split  by  tlie  living  alga*  cells.  The  formaldehyde  set* 
Jree  is  immediately  condensed  to  carbohydrat-e  and  precipitated  as  starch. 

Among  the  hexoses  known  at  the  present  time  only  dextrose,  lsD%'ulose| 
and  galactose  are  really  of  physiological -chemical  interest;  therefore  thfl 
other  hexoses  will  only  be  ineitlen tally  mentionetl. 

Dextrose  (d-glueose)^^LUCOSE^  grape-sugar,  and  diabktic  sugae— i 
occurs  a!)undantly  in  the  grape,  and  also,  often  accotnpanit^l  with  hmnilose 
(d-f rnctose) ,  in  honey,  sw*ect  fruits,  see<ls,  roots^  etc.  It  occurs  in  the 
human  and  animal  intestinal  tract  during  digestion,  also  in  small  cpiantities 
ill  the  blood  and  lymph,  and  as  traces  in  other  animal  fluiiU  and  tissues. 
It  only  occurs  tis  traces  in  urino  under  ni>rmal  conditioiLS,  while  in  diabetes 
the  quantity  is  very  hirge.     It  is  formotl  in  the  hydrolytic  cleavage  of 


'  Ber.  d.  deutsch.  ehem.  Getielkch.,  SI,  and  I  c,  page  84. 
'  Biolog.  Centralbl,  12,  321  and  48L 
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starch,  dextrin,  and  other  compound  carbohydrates,  as  also  in  the  splittuig 
of  glucosides.  That  dextrose  can  be  formed  from  proteids  in  the  animal 
body  follows  from  several  observations  and  especially  by  the  experience 
in  severe  forms  of  diabetes. 

Properties  of  Dextrose.  Dextrose  crystallizes  sometimes  with  1  molecule 
of  water  of  crystallization  in  warty  masses  or  small  leaves  or  plates,  and 
sometimes  when  free  from  water  in  needles  or  prisms.  The  sugar  contain- 
ing water  of  crystallization  melts  even  below  100®  C.  and  loses  its  water 
of  crystallization  at  110®  C.  The  anhydrous  sugar  melts  at  146®  C,  and 
is  converted  into  glucosan,  CeH^Oj,  at  170®  C.  with  the  elimination  of 
water.  On  strongly  heating  it  is  converted  into  caramel  and  then  de- 
composes. 

Dextrose  is  readily  soluble  in  water.  This  solution,  which  is  not  as 
sweet  as  a  cane-sugar  solution  of  the  same  strength,  is  dextrogyrate  and 
shows  strong  birotation.  The  specific  rotation  is  dependent  upon  the 
concentration  of  the  solution,  as  it  increases  with  an  increase  in  the  con- 
centration. A  10  per  cent  solution  of  anhydrous  glucose  can  be  taken  as 
52.74°  at  20®  C  Dextrose  dissolves  sparingly  in  cold,  but  more  freely 
in  boiling  alcohol.  100  parts  alcohol  of  sp.  gr.  0.837  dissolves  1.95  parts 
anhydrous  dextrose  at  17.5®  C.  and  27.7  parts  at  the  boiling  temperature 
(AxTHON  *).     Dextrose  is  insoluble  in  ether. 

If  an  alcoholic  caustic-potash  solution  is  added  to  an  alcoholic  solution  of 
dextrose,  an  amorphous  precipitate  of  insoluble  sugar-potash  compound 
is  formed.  On  warming  this  compound  it  decomposes  easily  with  the 
fonnation  of  a  yellow  or  brownish  color,  which  is  the  basis  of  Moore's 
test.     Dextrose  forms  also  compounds  with  lime  and  baryta. 

Moore  's  Test.  If  a  dextrose  solution  is  treated  with  about  one  quarter 
of  its  volume  of  caustic  potash  or  soda  and  warmetl,  the  solution  becomes 
first  yellow,  then  orange,  yellowish  brown,  and  lastly  dark  brown.  It  has 
at  the  same  time  a  faint  odor  of  caramel,  and  this  odor  is  more  pro- 
nounced on  acidification.^ 

Dextrose  forms  several  crystallizable  combinations  with  NaCl,  of  which 
the  easiest  to  obtain  is  (CqIIijOJj-^^CH-HjO,  which  forms  large  colorless 
six-sided  double  pyramids  or  rhomboids  with  13.52  per  cent  NaCl. 

Dextrose  in  neutral  or  very  faintly  acid  (organic  acid)  solution  passes 
into  alcoholic  fermentation  with  beer-yeast,  CeHijOo^2C2H5.0H +2C0;j. 
Besides  the  alcohol  and  carbon  dioxide  there  are  formed,  especially  at 
hi;iher   temperatures,   small    quantities    of    homologous    alcohols    (amyl- 


*  For  further  mformation  see  Tollens,  Ilandbuch  der  Kohlen hydrate.,  2.  Aiifl.,  44. 

*  Cit^  from  Tollens'  Handbuch. 

*  In  regard  to  the  products  formed  in  this  reaction,  see  Framm,  Pfliiger's  Arch.,  64, 
and  especially  Gaud,  Compt.  rend.,  119. 
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alcohol),  glycerine,  and  succinic  acid.  In  the  presence  of  acid  milk  or 
cheese  the  dextrose  passes,  especially  in  the  presence  of  a  base  such  as 
ZnO  or  CaCOj,  into  lactic-aciil  fermentation.  The  lactic  acid  may  thea 
f»Jthcr  pa,ss  into  butyric-acid  fermentation:  2CsHA^C,HA +-COj -h4H. 

Dextrose  reduces  several  metallic  oxides,  such  as  copper  oxide,  bismuth 
oxide,  mercuric  oxide  in  alkaline  solutions,  and  the  most  important 
reactions  for  sugar  are  based  on  this  fact* 

Trommer's  icsi  h  based  on  the  property  that  dextrose  possesses  of  re- 
ducing cupric  hydrate  in  alkaline  solution  into  cuprous  oxide.  Treat  the 
dextrose  solution  with  about  ^-^  voh  caustic  soda  and  then  carefully  add 
a  dilute  copper-sulphate  solution.  The  cupric  hydrate  is  thereby  dis- 
solved, forming  a  beautiful  blue  solution,  and  the  addition  of  copper  sul- 
phate is  continuetl  until  a  very  small  amount  of  hydrate  remains  undis- 
solved in  the  liquid.  This  is  now  Mamietl  and  a  yellow  hydrated  sulxixide 
or  red  suboxide  separates  even  below  the  boiling-point.  If  too  little  copper 
salt  has  been  added,  the  test  will  be  yellowish  bnvwn  in  color,  as  in  Moore's 
test;  but  if  an  excels  of  copper  salt  has  been  added,  the  excess  of  hydrate  is 
converted  on  boiling  into  a  dark-brown  hj^drate  which  interferes  with  the 
te.st.  To  prevent  these  dilHcultie^s  the  so-called  Fehl[ng*s  solution  may 
be  employed.  This  reagent  is  obtainetl  by  mixing  before  use  equal 
volumes  of  an  alkaline  solution  of  Rochelle  salt  and  a  copper-sulphate  solu- 
tion (see  Quantitative  Estimatinn  of  Sugar  in  the  Urine  in  regard  to  con- 
centratinn).  This  solution  is  not  reduced  or  noticeably  changed  by  boiling. 
The  tartrate  holds  the  excess  of  cupric  hydrate  in  solution^  and  an  excess 
of  the  reagent  does  not  interfere  in  the  performance  of  the  test.  In  the 
presence  of  sugar  this  solution  \a  redviced, 

Bottger-Alm^n's  test  Ls  based  on  the  property  dextrose  possesses  of 
retiucing  bismuth  oxide  in  alkaline  solution.  The  reagent  best  adaptetl  for 
this  puqxise  is  obtained,  ac  ordiog  to  Nvlaxdeh's^  modification  of 
Alm^n's  original  test,  by  dissolving  4  grms.  Rtjchelle  salt  in  1*)0  partes  10  per 
cent  caustic-soda  solution  and  adding  2  grm  .  bismuth  subnitrate  and 
digesting  on  the  water-bath  until  as  much  of  the  bismuth  salt  is  dissolved 
as  po.sible.  If  a  dextrose  solution  is  treatetl  with  about  ^^  vol.,  or  with  a 
lai^cr  quantity  of  the  solution  when  large  quantities  of  sugar  are  present^ 
and  boiled  for  a  few  minutes,  the  solutiun  becomes  first  yellow,  then  yel- 
lowish brown,  and  finally  nearly  black,  and  after  a  time  a  black  deposit 
of  bismuth  (?)  settles. 

The  prtjperty  of  dextmse  of  re<lucing  an  alkaline  solution  of  mercury  on 
boiling  is  the  basis  of  Knapp's  reaction  with  alkaline  mercuric  cyanide  and 
of  Sachsse's  reaction  with  an  alkaline  ixitassiura-mercuric  iodide 
feolution. 
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•  On  heating  with  phenylhydrazine  acetate  a  dextrose  solution  gives  a 
precipitate  consisting  of  fine  yellow  crystalline  needles  which  are  nearly 
insoluble  in  water  but  soluble  in  boiling  alcohol,  and  which  separate  again 
on  treating  the  alcoholic  solution  with  water.  The  crystalline  precipitate 
consbts  of  phenylglucosdzone  (see  page  86).  This  compound  melts  when 
pure  at  204-205**  C,  dissolves  readily  in  pyridine  (0.25  grm.  in  1  grm.), 
Mid  precipitates  again  from  this  solution  as  crystals  on  the  addition  of 
benzene,  ligroin,  or  ether.  According  to  Neuberg  *  this  behavior  can  be 
used  in  the  purification  of  the  osazone.  With  bromphcnylhydrazine  a 
phenylhydrazone  can  be  obtained  which  is  not  readily  soluble  in  water 
or  alcohol,  and  from  this  the  dextrose  can  be  split  off  by  formaldehyde. 

Dextrose  is  not  precipitated  by  a  lead-acetate  solution,  but  is  almost 
completely  precipitated  by  a  solution  of  ammoniacal  basic  lead-acetate. 
On  warming  the  precipitate  becomes  flesh-color  or  rose-red  (Rubner's 
reaction '). 

If  a  watery  solution  of  dextrose  is  treated  with  bemoylchloride  and 
an  excess  of  caustic  soda,  and  shaken  until  the  odor  of  benzoylchloride 
has  disappeared,  a  precipitate  of  benzoic-acid  ester  of  dextrose  will  be  pro- 
duced which  is  insoluble  in  water  or  alkali  (Baumann  '). 

If  J-1  c.  c.  of  a  dilute  watery  solution  of  dextrose  is  treated  with  a  few 
drops  of  a  10  per  cent  alcoholic  solution  (free  from  acetone)  of  a-naphihol, 
the  liquid  is  colored  a  beautiful  violet  on  the  addition  of  1-2  c.  c.  of  concen- 
trated sulphuric  acid  (MoLiscH  *).  This  reaction  depends  on  the  formation 
of  furfurol  from  the  sugar  by  the  action  of  the  sulphuric  acid. 

DiAzoBENZENE-suLPHOxic  ACTD  gives  with  a  dextrose  solution  made  alkaline 
^ith  a  fixed  alkali  a  red  color,  after  10-1  o  minutes  gradually  changing  to  violet. 
Orthonitrophenyl-propiolic  acid  yields  indigo  when  boiled  with  a  small 
quantity  of  dextrose  and  sodium  carbonate,  and  this  is  converted  into  indigo-white 
by  an  excess  of  sugar.  An  alkaline  solution  of  dextrose  is  colored  deep  red  on 
being  warmed  with  a  dilute  solution  of  piciiic  acid. 

A  more  complete  description  as  to  the  performance  of  these  several  tests 
^^ill  be  given  in  detail  in  a  subsequent  chapter  (on  the  urine). 

Dextrose  is  prepared  pure  by  inverting  cane-sugar  by  the  following 
simple  method  of  Soxhlet  and  Tollens,  being  a  modification  of 
ScHWARz's^  method: 

Treat  12  litres  90  per  cent  alcohol  with  480  c.  c.  fuming  hydrochloric 
arid  and  warm  to  45-50°  C;  gradually  add  4  kilos  of  powdered  cane-sugar, 
and  allow  to  cool  after  2  hours,  when  all  the  sugar  will  have  dissolved  and 

»  Ber.  d.  d.  chem.  Gesellsch.,  32,  3384. 
» Zeitschr.  f.  Biologie,  20. 

*  Ber.  d.  deutsch.  chem.  Gesellsch.,  19;  also  Kiieny,  Zeitschr.  f.  physiol.  Chem.,  14, 
and  Skraup,  Wien.  Sitz.  Ber.,  98  (1888). 

*  Monatshefte  f.  Chem.,  7,  and  Centralbl.  f.  d.  med.  Wissensch.,  1887,  34  and  49. 
•Tollens'  Handbuch  der  Kohle:i hydrate,  2.  AuQ.,  39. 
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been  inverted.  To  incite  m'stallization,  j^ome  onistals  of  anhydrous  dex- 
trose are  added,  and  after  several  days  the  crystals  are  sucked  dry  by 
the  air-pump,  washed  with  dilute  alcohol  to  renin ve  hydrochloric  acid,  and 
crv^stallized  from  alcohol  or  methyl  alcohoL  According  to  Tollens  it  is 
best  to  dissolve  the  sugar  in  one  half  its  weight  of  water  on  the  water- 
bath  ami  tlien  a<ld  doulile  this  volume  of  90-95  per  cent  alcohol* 

III  detecting  dextmse  in  animal  fluids  or  extracts  of  tissues  we  may 
make  use  of  the  above-men tioncil  reduction  tests,  the  optical  determinatioii, 
the  ferment  at  ion.  and  phenylhydrazine  tests.  For  the  quantitative  estima- 
tion the  reader  is  referral  to  the  chajiter  on  urine.  Those  liquids  contain- 
ijig  pniteids  must  first  have  these  renioveil  by  coa^lation  with  heat  and 
addition  of  acetic  acid,  or  by  precipitation  with  alcohol  or  metallic  salts 
befcjre  testing  for  dextnise.  In  regan!  to  the  ilifficulties  of  operating  with 
blood  and  serous  fluids  we  refer  the  student  to  the  works  of  Schenck, 
RoHMANN,  AbeleSj  and  Seegen> 

The  guloses  are  stereoisomers  of  dextrose  and  may  be  prepared  artificially, 
d-gulose  is  obtained  on  the  reduction  of  d-gu Ionic  acid,  which  is  derived  on  the 
redurtitrn  of  glucuronic  iii'iti 

Marnioses.^ — d-mfuutnsrj  also  called  seminosef  is  obtained  with  d-lievulose 
on  the  (*arefu]  oxidation  of  d-niannitc.  It  is  also  obtained  on  the  hydrolysis 
of  natural  carl>ohyd rates,  such  as  Sidep  slime  an*l  reserve  cellulose  (especially 
from  the  shavings  from  the  i\'ory-nut)*  It  is  dextrorotatory,  readily  ferments 
with  beer-yeast,  gives  a  hydrazune  not  readily  soluble  in  water,  and  an  osazone 
which  is  identical  with  that  from  d-glucose. 

Lfievulose,  also  called  n-FmrcTosE,  fkuit-sugae,  occurs,  as  above  stated, 
mixed  with  dextrose  extefisively  distributed  in  the  vegetable  kingdom  and  also 
in  honey.  It  is  former  1  in  the  hydrolytic  cleavage  of  cane-sugar  and  several 
otlier  carbohydrates,  but  it  is  readily  obtained  by  the  hydroK^ic  splitting 
of  inulin.  In  extraordinary  cases  of  diabetes  mellitns  we  find  hmnjlose  in 
the  urine,  NEunERts  and  Strauss  ^  have  detected  kevadose  in  human  blood- 
serum  and  exmlates  in  certain  eases  with  positiveness. 

Lie^^lose  cr\'stallizes  with  difliculty  in  neetllcs  partly  anhydrous  and 
partly  containing  water.  It  is  readily  soluble  in  water,  but  nearly  insoluble 
in  cold  al>solute  alcohol^  though  rather  readily  in  boilijig  alcohoL  Its 
watery  solution  is  hevogyrate.  Lje\ailose  ferments  with  yeast,  and  gives 
the  same  reduction  tests  as  dextrose,  and  also  the  same  osazone.  It  gives  a 
combination  with  iime  which  is  less  soluble  than  the  corresponding  dextrose 
combination.  LiP\idose  is  not  precipitated  by  sugar  of  lead  or  basic  lead 
acetate. 

Lievulose  does  not  reduce  copper  to  the  same  extent  as  dextrose. 
Under  similar  conditions  the  reduction  relationship  of  dextrose  to  laevulose 
is  100:92.08. 

In  detecting  ]ie\^lose  and  those  varieties  of  sugar  '^\'hich  yield  laevulose 


*  Schenck,  Pfliiger's  Arch.^  4G  aad  -17;  Rilhmann,  Centralhl.  f.  PhysioL,  4;  Abeles^ 
Zeitischr.  f.  physioL  Chein.,  15;  Seegctip  Centraibl.  f.  Pbyaiol,,  4. 

*  Zeitschr  f.  physiol.  Chem.,  3li.  which  nky  contains  the  older  literature. 
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on  cleavage  we  make  use  of  the  following  reaction  suggested  by  Seli- 
WAXOFF.  To  a  few  cubic  centimeters  of  fuming  hydrochloric  acid  and 
an  eciual  volume  of  water  add  a  small  quantity  of  the  sugar  solution  or 
of  the  solid  substance  and  a  few  crystals  of  resorcin  and  apply  heat.  The 
linuid  becomes  a  beautiful  red  and  gradually  a  substance  precipitates 
which  Is  red  in  color  and  soluble  in  alcohol.  This  reaction,  which  accord- 
ing to  Rasix  may  l)e  made  more  delicate,  is,  as  Xeuberg  *  has  shown, 
a  general  reaction  for  ketoscs. 

According  to  Neuberg  '  methylphenylhydrazine  is  an  excellent  sub- 
stance to  use  for  the  separation  and  detection  of  k-ivulose,  as  it  gives 
a  characteristic  lapvulose-methylphonylosazone.  This  osazonc  when  re- 
cn-stallized  from  alcohol  melts  at  153*".  It  shows  a  dextrorotation  of 
r  40'  when  0.2  grm.  of  the  osazonc  are  dissolved  in  4  c.  c.  pyridine  and 
6  c.  c.  absolute  alcohol. 

Methylphenylhydrazine  is  a  very  excellent  means  for  separating  the 
aldoses  and  amino  sugar  from  the  ketoscs.  The  aldoses  and  the  amino 
sugar  in  neutral  liquids  ^ivq  hydrazones  therewith,  and  after  the  removal 
of  these  the  osazones  of  the  ketoscs  can  be  obtained  from  the  filtrate 
by  acidifying  with  acetic  acid  and  warming. 

LTvulose,  as  above  stated,  is  best  ol>tained  })y  the  hydrolytic  cleavage 
of  inulin,  by  warming  with  faintly  acidulated  water. 

Sorbinose  (sorbin)  is  a  ketose  obtained  from  the  juice  of  the  berry  of  the 
mountain  ash  under  certain  conditions.  It  is  cr^-Btalline  and  is  lajvog>Tate, 
and  is  converted  into  sorbite  by  reduction. 

Galactose  (not  to  be  mistaken  for  lactose  or  milk-sugar)  is  o})tained 
on  the  hydrolytic  cleavage  of  milk-sugar  and  by  hydrolysis  of  many  other 
carbohydrates,  especially  varieties  of  gums  and  slime  bodies.  It  is  also 
obtainetl  on  heating  cerebrin,  a  nitrogenized  glucoside  prepared  from  the 
brain,  with  dilute  mineral  acids. 

It  crA'stallizes  in  neeilles  or  leaves  which  melt  at  168*^  C.  It  is  some- 
what k*ss  soluble  than  dextrose  in  water.  It  is  dextrog}Tate  and  shows 
multirotation.  With  ordinary  yeast  the  galactose  is  slowly,  but  noverthc- 
Ws  completely,  fermented.  It  is  fermented  by  a  great  variety  of  yeasts 
(E.  FrscHiiu  and  Thierfeldku),  but  not  l>y  Saccharomyces  apiculatus,' 
which  is  of  importance  in  physiologi(ral-cheniical  investigations.  Galactose 
reduces  Fehlixg  's  solution  to  a  less  extent  than  dextrose,  and  10  c.  c. 
of  this  solution  are  reduced,  according  to  Soxhlet,  by  0.0511  grni.  galactose 
in  1  per  cent  solution.  Its  phenylosazone  melts  at  193*^  C,  and  is  soluble 
with  difficulty  in  water,  but  relatively  ea.sy  in  hot  alcohol.  Its  solution 
in  glacial  acetic  acid  is  optically  inactive.     With  the  test  with  hydrochloric 

*  Zeitschr.  f.  physiol.  Chem.,  JU;   Rosin,  xbiil.^  ^S. 

'  Ber.  d.  d.  chem.  Gesellsch.,  3r>;  also  Xeuberg  and  Strauss,  ihid.,  30. 

«  See  F.  Voit,  Zeitschr.  f.  liiologie,  28  and  29. 
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acid  and  phloro^jlucin  galactose  gives  a  color  similar  to  the  pentoses,  but 
the  solution  does  not  give  the  absorption  spectrum.  On  oxidation  it 
first  yields  galactonic  acid  and  then  miicic  acid»  Both  1-  and  i-galactose 
have  been  artificially  prepared. 

Talose  is  a  sugar  which  is  artificially  prepared  by  the  reduction  of  talonic 
acid.  Talon  ic  arid  is  obtained  from  d-galactonic  acid  by  heating  it  with  quinolme 
or  pyridine  to  140-150°  C. 


Appeodiz  to  the  Hezoses, 


a-Glucosamme  *  (chitosamine),  CaH^XOs' 


CHaOH 

(CH.OH), 

COH 


^  whose  synthetical 


preparation  has  already  been  given  on  page  86,  was  first  prepared  by 
Leddkhhosi:^  frnmc'hitin  by  the  action  of  concentratetl  hydrochloric  acid. 
Recently  it  htm  been  obtained  as  a  cleavage  product  of  several  mucia 
substances  and  proteids  (see  pages  23  and  50).  Glucosamine  is,  as 
E,  Fisf  HKR  and  Leuchs  *  have  shown,  a  derivative  of  glucose  or  d-mannose 
(probabl}^  dextrose),  aud  as  an  intermediary  member  between  the  hexoses 
and  the  oxy amino  acids  obtainable  from  the  proteids,  it  forms  in  certain 
regards  a  bridge  between  the  proteids  and  the  carbohydrates. 

The  fn^c  base  Ls  readily  soluble  in  water  with  an  alkaline  reaction  and 
quickly  decomposes.  The  characterLstic  hydrocldoride  forms  colorless 
cn^stals  whicli  are  stable  in  the  air  and  readily  soluble  in  water,  difficultly 
soluble  in  alcohol,  and  insoluble  in  ether.  The  solution  m  (a)D~  +70.15° 
to  74.64^  at  various  concentrations.*  Glucosamine  has  a  reducing  action 
similar  Uy  glucose,  gives  the  same  osazone,  but  Is  n<it  fermentable.  With 
benzoyl  chloride  and  caustii^  soda  it  give^  a  crystalline  ester.  In  alkaline 
solution  it  gives  with  phcnylLsocyanate  a  compound  which  can  be  con- 
verted into  its  anhydride  by  acetic  acid,  and  Is  usetl  in  the  separation  anil 
detection  of  glucosamine  (Steudel'").  On  oxidation  with  nitric  acid 
it  yields  norisosaccharic  acid,  w^hose  lead  salt  can  be  separated  and  whose 
salts  with  cinchonine  or  quinine  are  difficultly  soluble  in  water  and  can 
also  be  usc<l  ver>"  successfully  in  the  detectiim  of  glucosamine  (Xelt- 
BERG  and  Wolff").     On  oxidation  with  bromine  chitarainic  acid  (d-glucos- 


*  According  to  E.  Fischer's  siiRgestioti  we  shall  use  the  term  glueosamme  Instead 
of  the  term  chitosamino  %vhit!h  has  lately  beea  generally  used. 

*Zeit«€br.  f.  phy»ioK  Chcni.,  2  and  4. 

*  Ber.  d.  d.  cliem,  Ccae&ch-,  3(*. 

*See  Hoppe-Seyler-Thierfelder'a  flaadbuch,  7.  Aufl.;  Sundwik,  Zeitschr.  f*  physioI 
Chein.,  M. 

'  Zeit^chr.  f.  physiol.  Chera.,  34* 
■  Ber.  d,  d.  chc'in.  GeselLsch..  tii. 
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aminic  acid)  is  produced,  and  this  Ls  converted  into  chitaric  acid,  C^yfi^, 
by  nitrous  acid.  On  treatment  with  nitrous  acid  glucosamine  yields  a 
non-femientable  sugar  called  chitose. 

Ehrlich  ^  has  suggested  a  test  which  does  not  react  with  the  free  glucosamine, 
but  ^ith  the  mucins  and  other  protein  bodies  containing  an  acetylated  glucos- 
amine. It  consists  in  warming  the  substance,  which  has  previously  been  treated 
with  alkali,  with  a  hydrochloric-acid  solution  of  dimethylaminobenzaldehyde, 
wh  n  a  b/autiful  red  color  is  obtained. 

Glucosamine  is  best  prepared  from  decalcified  lobster-shells  by  treating 
with  hot  concentrated  hydrochloric  acid.'  In  regard  to  its  preparation 
from  protein  substances  we  must  refer  to  the  works  cited  on  page  23, 
foot-note  7. 

Galactosamine  has  been  prepared  by  Schulz  and  Ditthorn  *  from  a 
glucoproteid  of  the  spawn  of  the  frog. 

CHO 
Glucuronic  acid  (glycuronic  acid),  CeHio07=(CH.OH)^,  is  a  derivative 

COOH 

of  dextrose  and  has  been  synthetically  prepared  by  E.  Fischer  and 
PiLOTi'  *  by  the  re<luction  of  the  lactone  of  saccharic  acid.  On  oxidation 
with  bromine  it  forms  saccharic  acid,  and  on  reduction  it  yields  gulonic 
acid  lactone.  Salkowski  and  Np:uberg  *  have  obtained  1-xylose  from 
glucuronic  acid  by  splitting  off  COj  by  means  of  putrefaction  bacteria. 

Glucuronic  acid  has  not  been  found  in  the  free  state  in  the  animal  body. 
It  occurs  to  a  slight  extent  in  nonnal  urine  as  a  conjugated  acid,  phenol,  and 
pn^bably  also  indoxyl  and  skatoxyl  glucuronic  acid.  It  occurs  to  a  much 
greater  extent  in  urine  as  conjugated  aci<l  after  the  introduction  of  several 
aromatir  and  also  aliphatic  substances,  especially  after  camphor  and  chloral 
Mrato.  It  was  obtained  first  by  SfUMiRDKUERci  and  Meyer  from  canij)ho- 
glucuronic  acid  and  then  ]>y  v.  Mekinc;  ^  from  urochloralic  acid  by  cleavage 
^ith  dilute  acids.  According  to  P.  Mayer  ^  on  the  oxidation  of  dextrose  a 
panial  formation  of  glucuronic  acid  and  oxalic  acid  takes  place,  and  there- 
fore, according  to  him,  an  increased  elimination  of  conjugated  glucuronic 
ands  show  in  certain  cases  an  incomplete  oxidation  of  dextrose.  Con- 
jugated glucuronic  acids  may  also  occur  in  the  blood  (P.  Mayer  *),  also 

'  Mwliz.,  Woche  1901,  No.  15;  see  Langstein,  Ergebnisse  der  Physiol.,  I,  Abt.  I,  88. 
'.See  Hoppe-Seyler-Thierf elder's  Handbuch,  7.  Aufl. 
'  Zeitschr.  f.  pbysiol.  Chem.,  29. 

*  Ber.  d.  d.  chem.  Gesellsch.   24. 
*Zeitschr.  f.  pbysiol.  Chem.,  36. 

'Mayer  and  Xeuberg,  Zeitschr.  f.  pbysiol.  Chem.,  29;  Schmiedeberg  u.  Meyer,  ihid., 
3;  V.  Mering,  ibid.,  6. 

•  Zeitschr.  f.  klin.  Med.,  47. 

'  Zeitschr.  f.  pbysiol.  Chem.,  32. 
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in  the  hvces  and  bile.*  The  most  abundant  source  of  glncuromc  acid  is 
the  artist  pigment  "Jaune  indien,"  which  contains  the  magnesium  salt 
of  euxauthic  acid  (euxanthon-glucuronic  acid). 

Gkieiironic  aciil  Ls  not  enstalline,  but  Is  only  obtainable  as  a  sirup. 
It  dlssoh'eis  in  alcohol  and  is  readily  soluble  in  water.  If  the  aquet»iLs  solu- 
tion is  boiled  for  an  hour  the  acid  is  partly  (20  per  cent)  converted 
into  the  er^'stalline  lactone,  gluenron^  C„fl8(\,  which  is  soluble  m  water 
and  insoluble  in  alcohol.  The  alkali  nahs  of  the  acid  are  crystalline.  If 
a  concentrated  solution  of  the  acid  is  saturated  with  barium  hydrate  the 
basic  bariimi  salt  Ls  olHaincd  tus  a  precipiUtte.  The  neutral  lead  salt  is 
soluble  in  water,  while  the  basic  salt  is  insoluble.  The  readily  e^}^'^tallizable 
cinchonine  salt  can  be  used  in  isolating  glucuronic  acid  (Neuberg  ^). 
Glucuronic  acid  is  dextrorotatory,  while  the  conjugated  acids  are  Isevo- 
rotatory;  they  behave  like  dextrcj.se  with  the  reduction  tests  antl  do  not 
ferment  with  yeast.  They  give  the  pentose  reactions  with  phloroglucin  or 
ore  in  and  hydrochloric  acid  and  yield  abumlant  furfurol  on  distillatioQ 
with  hydnjchluric  aciil.  With  the  phenyl  hydrazine  test  they  give  crystal- 
line conipoumls  which  are  not  sufficienth^  characteristic  (TuiERFELDEa, 
F,  Mayer  ^).  With  p-bromplienylliydrazme  hydrochloride  and  sodiura 
acetate  they  give  p-l>romphenyJ hydrazine  glucuronate,  which  Is  charac- 
terized by  instdubiUt}^  in  absolute  alcohol  and  by  a  verj"  pronainent  tevo- 
rotator>^  action.  This  compound  is  very  well  suited  fur  the  detection  of 
glucun^nic  acid.^  Dissolved  in  a  mixture  of  alcoh(4  and  pyridine  (0.2  grra, 
eubstance  in  4  c.  c.  pyri<line  and  0  c.  c,  alcohol)    the  rotation  is  ^7^  23', 

which  corresponds  to  (a)  —=—369°. 

Glucuronic  acid  is  best  prepared  from  eiixantliic  acid,  which  decomposes 
by  heating  it  with  water  to  120^  C.  for  several  hours.  The  filtrate  from 
the  euxanthnn  is  concentrated  at  40^  C,  when  the  anhydride  gradually 
ci^'stallizes  out-  On  boiling  the  mother-liquor  for  some  time  and  re- 
evaporation  the  crystals  of  the  lactone  are  obUiined. 

Disaccharides. 

Some  of  the  varieties  of  sugar  l^elonging  to  this  group  occur  ready 
formed  in  nature.  Thus  %ve  have  sacehanise  and  lactose.  Some,  on  the 
contniry,  such  as  maltose  and  Lsomaltose,  are  produced  by  the  partial 
hydrolytic  cleavage  of  complicatetl  carbohydrates.  Isomaltose  is  besides 
this  also  obtained  from  dextrose  by  reversion  (see  next  page). 

*  See  Bial,  IlofmeLster's  Beitrilge,  3,  and  Leersum^  ihid, 

>  Ber.  d.  d.  cbem.  Gesellsch.,  U. 

>  Thierfelder.  Zeitscbr.  f.  physiol.  Chem.,  11,  13,  1»;  R  Mayer,  t5tU,  29. 

*8ee  Neuberg,  Ber.  d,  d.  chem.  Geseibck,  3*2,  and  Mayer  and  Neuberg,  Zcitschr. 
L  pbysioK  Chem.,  29. 
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The  disaccharides  or  hexobioses  are  to  be  considered  aa  anhydrides, 
derived  from  two  monosaccharides  with  the  exit  of  1  molecule  of  water. 
Corresponding  to  this,  their  general  formula  is  CuHjjOn.  On  hydrolytic 
cleavage  and  the  addition  of  water,  they  yield  two  molecules  of  hexoses, 
and  indeed  either  two  molecules  of  the  same  hexose  or  two  different  hexoses. 
Thus 

Saccharose + HjO = dextrose + tevulose ; 

Maltose       -f  HjO = dextrose + dextrose ; 

Lactose       +  HjO = dextrose + galactose. 

The  liBvulose  turns  the  polarized  ray  more  to  the  left  than  the  dextrose 
does  to  the  right;  hence  the  mixture  of  hexoses  obtained  on  the  cleavage  of 
saccharose  has  an  opposite  rotation  to  the  saccharose  itself.  On  this 
account  the  mixture  Is  called  invert-sugar,  and  the  hydrolytic  splitting 
is  designated  as  inversion.  This  term  inversion  is  not  only  used  for  the 
splitting  of  saccharose,  but  is  ako  used  for  the  hydrolytic  cleavage  of 
compound  sugars  into  monosaccharides.  The  reverse  reaction,  whereby 
monosaccharides  are  condensed  into  complicated  carbohydrates,  is  called 
revcrmn. 

We  subdivide  the  disaccharides  into  two  groups:  first,  to  which  sac- 
charose belongs,  where  the  members  do  not  have  the  property  of  reducing 
certain  metallic  oxides;  and  the  second  group,  to  which  the  two  maltoses 
aiul  lactose  l:)elong,  the  members  acting  like  monosaccharides  in  regard 
to  the  ordinar>'  reduction  tests.  The  members  of  this  last  group  have  the 
character  of  aldehyde-alcohols. 

Saccharose,  or  cane-sugar,  occurs  extensively  distributed  in  the  plant 
kingdom.  It  occurs  to  the  greatest  extent  in  the  stalk  of  the  sugar-niillct 
and  sugar-cane,  the  roots  of  the  sugar-beet,  the  trunk  of  certain  varieties  of 
palms  and  maples,  in  carrots,  etc.  Cane-sugar  is  of  extraordinarily  great 
importance  as  a  food  and  condiment. 

J:^accharose  forms  large,  colorless  monoelinic  crystals.  On  heating  it 
melts  in  the  neighborhood  of  160°  C,  and  on  heating  more  strongly  it  turns 
brown,  forming  so-called  caramel.  It  dissolves  verj'  readily  in  water,  and 
according  to  Scheibler  *  100  parts  saturated  saccharose  solution  contains  67 
pans  sugar  at  20°  C.  It  dissolves  with  difficulty  in  strong  alcohol.  Cane- 
sugar  is  strongly  dextrorotato^}^  The  specific  rotation  is  only  slightly 
modified  by  concentration,  but  is  markedly  changed  by  the  presence  of 
other  inactive  substances.     The  specific  rotation  is    a;D=+66.5°. 

Saccharose  acts  indifferently  towards  Moore's  test  and  to  the  ordinary 
reduction  test"=?.  It  does  not  ferment  directly,  but  only  after  inversion, 
which  can  be  brought  about  by  an  enzyme  (invertin)  contained  in  the  yeast. 
An  inversion  of  cane-sugar  also  takes  place  in  the  intestinal  canal.     Con- 

*  See  Tollens'  Handbuch  der  Kolile:. hydrate,  2.  Aufl.,  124. 
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centratxKl  sulphuric  acid  blackens  cane-sugar  very  quiekl}^  even  at  Ihe 
ordinary  temperature,  aod  anliydrou^  oxalic  acid  acts  the  same  on  wannbg 
on  the  water-bath.  Various  pmducts  are  obtained  on  the  oxidation  of 
cane-sugar,  dependent  ui>on  the  variety  of  oxidizing  material  and  also  upon 
the  intensity  of  the  action.  Saccharic  acid  and  oxalic  acid  are  the  most 
important  products. 

The  reader  is  referred  to  complete  text-books  on  chemistry  for  the 
preparation  and  quantitative  estimation  of  cane^ugar. 

Maltose  (malt-sugae)  is  fomied  in  the  hydroljlic  cleavage  of  starch  by 
malt  diastase,  saliva,  and  pancreatic  juice.  It  i*^  obtained  from  glycogen 
under  the  same  conditions  (see  Cha[)ter  VIII),  Maltose  is  a'so  produced 
transitorily  in  the  action  of  sulphuric  acid  on  starch.  Maltose  foraas  the 
fermentable  sugar  of  the  potato  or  grain  mash,  and  also  of  the  becn\*or:. 

Maltose  crj^stallizes  with  1  molecule  water  of  crv'stallization  in  fine 
white  needles.  It  is  readily  soluble  in  ivater^  rather  easily  in  alcohol,  but 
insoluble  in  ether.  Its  solutioas  are  dextrorotaton^ ;  and  the  specific 
rotation  is  variable,  depending  upon  the  concentration  and  temperature, 
but  Is  considerably  stronger  than  dextrose,^  Maltose  ferments  reatjily  and 
completely  with  yeast,  and  acts  like  dextrose  in  regard  to  the  reductioo 
tests.  It  yields  phenylmaltosazone  on  warming  with  ]ihenylhydrazine  for 
Ijl  hours.  This  phenylmaltosazone  meJts  at  206°  C,  and  is  more  soluble 
than  the  glucosazone.  Maltose  diiTers  from  dextrose  chiefly  in  the  follow- 
ing; It  does  not  dissolve  as  readily  in  alcohol,  has  a  stronger  dextrorota- 
tory power,  has  a  feebler  reducing  action  on  Fehling's  solution.  10  c,  e, 
Fehlixg's  solution  is,  according  to  Soxhlet,'  reduced  by  77.8  milligrams 
anhydrous  maltose  in  approximately  1  per  cent  solution, 

Isomaltose.  This  variety  of  sugar  is  produced  by  revension,  as  has 
been  shown  by  Fischer,*  besides  dextrin-like  pnulucts,  by  the  action  of 
fuming  hydrochloric  acid  on  dextrose.  A  reformation  of  isomaltose  and 
other  sugars  from  dextrose  can  also  be  brought  about  by  means  of  yeast 
maltase  (Hill  and  Emmerling*).  It  is  also  formed,  besides  ordinary 
maltose,  in  the  action  of  diastase  on  starch  paste,  and  occurs  in  beer  and 
in  commercial  starch-sngar.  Tlie  formation  of  isomaltose  in  the  hydrolysis 
of  starch  by  malt  diasta^ie  has  been  denied  by  many  investigators  because 
they  considered  isomaltose  as  contaminated  maltose.'*    It  \s  also  produced, 


'See  Hoppe-Scyler-Thierf elders'  Handbuch,  7,  Aufl, 

'Cited  from  Tollens'  Handlnich  der  Kohlcnhydrate,  2,  Aiifl.,  154, 

'  Rer.  d.  deutsch.  chem.  Gt-srllseh. ,  23  and  28. 

*  Einmeding,  Ber.  d.  d.  cliem.  Gesellack,  34;  Hill,  ibid.,  84^  and  1,  c,  foot-note 
2,  page  14. 

*  FTown  and  Morris,  Joiim.  of  Cheni,  Soe.,  1F95;  (hem.  News,  72.  i^ee  also  <^>st, 
ririch,  and  Jalowet/.t  Hef.  in  Ber.  d.  cJeutsch.  ehem,  tiesellsch,,  28;  Ling  and  liaker, 
Journ.  of  Chem.  Soe..  1895;  Pattivin.  Chera.  Centralbl,  1899,  II,  1023. 
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with  maltose,  by  the  action  of  saliva  or  pancreatic  juice  (Kulz  and  Vogel) 
or  blood-serum  (Rohmann  *)  on  starch. 

Isomaltose  dissolves  very  readily  in  water,  has  a  pronounced  sweetish 
taste,  and  does  not  ferment,  or,  according  to  some,  only  verj'  slowly.  It  is 
dextrorotatory',  and  has  very  nearly  the  same  power  of  rotation  as  maltose. 
Isomaltose  is  characterized  by  its  osazone.  This  forms  fine  yellow  needles, 
which  be^n  to  form  drops  at  140°  C.  and  melt  at  150-153°  C.  It  is  rather 
easily  soluble  in  hot  water  and  dissolves  in  hot  absolute  alcohol  much  more 
readily  than  the  maltosazone.  Isomaltose  reduces  copper  as  well  as  bis- 
muth solutions. 

Lactose  (milk-sugar).  As  this  sugar  occurs  exclusively  in  the  animal 
world,  in  the  milk  of  human  beings  and  animals,  it  will  be  treated  in  a 
following  chapter  (on  milk). 

Polysaccharides. 

If  we  exclude  the  hexolrioses  and  the  few  remaining  sugar-like  poly- 
saccharides, this  group  includes  a  great  number  of  very  complex  carbo- 
hydrate?, which  occur  only  in  the  amorphous  condition  or  at  least  not  as 
cnstals  in  the  ordinary  sense.  Unlike  the  bodies  belonging  to  the  other 
groups,  these  have  no  sweet  taste.  Some  are  soluble  in  water,  while 
others  swell  up  therein,  especially  in  warm  water,  and  finally  are  neither 
dissolved  nor  visibly  changed.  Polysaccharides  are  ultimately  converted 
into  monosaccharides  by  hydrolytic  cleavage. 

The  polysaccharides  (not  sugar-like)  are  ordinarily  divided  into  the 
following  chief  groups:  starch  group,  gum  and  vegetable-mucilage  group, 
and  cellulose  group. 

Starch  Group  (CeH,o05)x. 

Starch,  amylum,  (CqHio05)x.  This  substance  occurs  in  the  plant  king- 
dom very  extensively  distributed  in  the  different  parts  of  the  plant,  espe- 
cially as  reserve  food  in  the  seeds,  roots,  tubers,  and  tnmk. 

Starch  Is  a  white,  odorless,  and  tasteless  powder,  consisting  of  small 
granules,  which  have  a  stratified  structure  and  different  shape  and  size  in 
different  plants.  According  to  the  ordinary'  opinion  the  starch-granules 
consist  of  two  different  substances,  starch  granulose  and  starch  cellu- 
lose, of  which  the  first  only  goes  into  solution  on  treatment  with  diastatic 
enzymes. 

Starch  Is  considered  insoluble  in  cold  w^ater.  Tlie  grains  swell  up  in 
warm  water  and  burst,  yielding  a  paste.  Starch  is  insoluble  in  alcohol  and 
ether.  On  heating  starch  v^dth  water  alone,  or  heating  with  glycerine  to 
190°  C,  or  on  treating  the  starch-p;rains  with  6  parts  dilute  hydrochloric 

*  Kiilz  and  Vogel,  Zeitechr.  f.  Biologie,31;  Rohmann,  Centralbl.  f.  d.  mcd.  Wissensch., 
18d3.  849. 
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acid  of  sp.  gr.  L07  at  ordinary"  temperature  for  six  to  eight  weeks,* 
convert'Cd  into  soluble  starch  (AMrLODEXTRiN,  amidulin).  Soluble  starch  i» 
also  formed  a^s  an  intermediate  step  in  the  conversion  of  starch  into  sugar  by 
dilute  acids  ordiastatic  enzymes.  Soluble  starch  may  be  precipitated  fmm 
very  dilute  solutions  by  bary ta- water. - 

Starch-granules  swell  up  and  form  a  pasty  mass  in  caustic  potash  or 
soda.  This  mass  gives  neither  ^Ioore's  nor  Thommer's  test.  Starch 
paste  docs  not  ferment  with  yeast.  The  most  characteristic  test  for  starch 
is  the  blue  coloration  produced  by  iodine  in  the  presence  of  hydriodic  acid 
or  alkali  iodidc^.^  This  blue  coloration  disappears  on  the  addition  of 
alcohol  or  alkalies,  and  also  on  warming,  but  reappears  again  on  cooling. 

On  boiling  with  dilute  acids  starch  is  converted  into  dextrose.  In  the 
conversion  by  means  of  diastatic  enzymes  we  have  as  a  rule,  besides  dextrin, 
maltose,  and  isomaltose,  only  very  little  dextrose.  We  are  considerably  in 
the  dark  as  to  the  kind  and  number  of  intennetliate  products  produced  in 
tliis  process  (see  Dextrins). 

Starch  may  be  detected  by  means  of  the  microscope  and  by  the  iodine 
reaction.  Starch  is  ciuantitatively  estimated,  according  to  S,\chsse'& 
methotl/  by  ■  converting  it  into  dextrose  by  hydrochloric  acid  and  then 
determining  the  dextrose  by  the  ordinarj^  methods. 

Inulin,  {CoHi^05)x+H20,  occurs  in  the  underground  parts  of  many 
composite?,  especially  in  the  roots  of  the  inula  heleniuin,  the  tubers  of  the 
dahiia,  the  varieties  of  helianthuSi  etc.  It  is  ordinarily  obtained  from  the 
tubers  of  the  dahlia. 

Inulin  forms  a  white  powder  similar  to  starch,  consisting  of  sphferoid 
crystals,  which  are  readily  soluble  in  warm  water  without  forming  a  past-e. 
It  separates  slowly  on  cooling,  but  more  rapidly  on  freezing.  Its  solutions 
are  la?^'ogyrate  antl  are  precipitated  b}'  alcohol,  and  are  only  colored  yellow 
with  iodine.  Inulin  is  converted  into  the  kevog^Tate  monosaccharide 
l£e%adose  on  boiling  with  dilute  sulphuric  acid.  Diastatic  enzymes  have 
no  or  Y^xy  slight  action  on  inulin/' 

Lkhenin  (Moss-STAitrn)  occurs  in  many  liehens,  namely*  in  Ireland  moss. 
It  is  nut  soluble  in  cold  wfttcr,  but  swells  up  into  a  jelly.  It  is  soluble  in  hot 
water,  forming  a  jelly  on  allovving  the  rodix^nt rated  houaioo  to  eooL  It  is  colored 
yellow  by  iodine  and  yields  glurose  on  boiling  with  dilute  acitb.  Liehenin  is 
not  changed  by  diastatic  enzymes  such  as  ptyalin  or  amylopsin  (Nilson  "), 


*  See  Toll  ens'  Handb.,  191.     In  regard  to  other  methods ,  see  Wp6blewski,  Ber,  d. 
deutsch.  cbera.  Gcsdlsch.,  30;  Synicwaki,  ibid. 

'  In  regard  to  the  comf^inations  of  soluble  starch  and  dextrins  with  barium  hydrate^ 
B©e  Billow,  Ffliiger'a  Arch.,  l»2. 

*  See  Mylius,  lier.  d.  deutsch.  chem.  Gesellsch. ,  20,  and  Zeitschr.  L  physiol.  Chem.,  11. 
*Tollens'  llandb.,  2.  Aufl.,  187. 

■/Wti.,  208. 

*Up6ala  L^aret  Forh,,  28. 
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Glycogen.  This  carbohydrate,  which  stands  to  a  certain  extent  between 
starch  and  dextrin,  is  principaDy  found  in  the  animal  kingdom,  hence  it 
wiD  be  considered  in  a  subsequent  chapter  (on  the  liver). 


The  Gums  and  Vegetable  Mucilages,  {C^^fi^x. 

These  bodies  may  be  divided  into  two  chief  groups,  according  to  their 
origin  and  occurrence,  namely,  the  dextrin  group  and  the  vegetable  gums  or 
mucilages.  The  dextrins  stand  in  close  relationship  to  the  starches  and 
are  formed  therefrom  as  intermediate  products  in  the  action  of  acids  and 
diastatic  enzymes.  The  various  kinds  of  vegetable  gums  and  vegetable  mu- 
cilages occur,  on  the  contrar}',  as  natural  products  in  the  vegetable  kingdom, 
and  some  may  be  separated  from  certain  plants  as  amorphous,  transparent 
masses  and  others  may  be  extracted  from  certain  parts  of  the  plant,  such 
as  the  wood  and  seeds,  by  proper  solvents. 

The  dextrins  yield  as  final  products  only  hexoses,  and  indeed  only 
dextrose  on  complete  hydrolysis.  The  vegetable  gums  and  the  mucilages 
yield,  on  the  contrary,  not  only  hexoses,  but  also  an  abundance  of  pentoses 
(gum  arabic  and  wood-gum),  d-galactose  occurs  often  amongst  the 
hexoses,  and  as  diflFerentiation  from  the  dextrins  they  yield  mucic  acid  on 
oxidation  with  nitric  acid.  The  dextrins,  as  well  as  the  ordinary  varieties 
of  glims  and  mucilages,  are  precipitated  by  alcohol.  Basic  lead  acetate 
preci])itates  the  gums  and  mucilages,  but  not  the  dextrins. 

Dextrin  (starch-gum,  British  gum)  is  produced  on  heating  starch  to 
200-210°  C,  or  by  heating  starch,  which  has  previously  been  moistened 
^"ith  water  containing  a  little  nitric  acid,  to  100-110°  C.  Dextrins  are  also 
produced  by  the  action  of  dilute  acids  and  diastatic  enzymes  on  starch, 
^'e  are  not  quite  clear  in  regard  to  the  steps  taking  place  in  the  above 
processes,  ])ut  the  ordinary'  views  are  as  follows:  Soluble  starch  is  the  first 
product  which  gives  a  blue  with  iodine,  then  (nnylodcxtrin,  which  on  further 
hydrolytic  cleavage  yields  sugar  and  enjthrodcxtriny  which  is  colored  red 
by  iodine.  On  further  cleavage  of  this  erythrodextrin  more  sugar  and 
a  dextrin,  achroodvztritij  which  is  not  colored  b}'  iodine,  is  formed.  From 
thk  achroodextrin  after  successive  splittings  we  have  sugar  and  dextrins 
of  lower  molecular  weights  formed,  until  finally  we  have  sugar  and  a  dextrin, 
tmUodextriUy  which  refuses  to  split  further,  as  final  products.  The  views 
are  rather  contradictory  in  regard  to  the  number  of  dextrins  which  occur 
as  intennediate  steps.  The  sugar  formed  is  isomaltose,  from  which  mal- 
tose and  onl)'^  ver}^  little  dextrose  are  produced.  Another  view  is  that 
first  several  dextrins  are  formed  consecutively  in  the  successive  s|)litting 
T^ith  hydration,  and  then  finally  the  su^ar  is  formed  by  the  splitting  of 
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the  last  dextrin.  Other  investigators,  especially  Stniewski,  have  recently 
suggested  views  on  this  subject.* 

The  various  dcxtrins  have  not  as  yet  been  separated  from  each  other, 
nor  isolate*!  as  eheniica!  individuals-  Recently  Young  *  has  tried  their 
separation  by  nieaiis  of  neutral  salts^  especially  ammonium  sulphate.  We 
cannot  enter  into  the  differences  as  to  the  dextrins  so  separated,  and  only 
the  characteristic  properties  and  reactions  will  be  given  for  the  dextrins  in 
general. 

The  dextrins  appear  as  an  amorphous,  white  or  j'ellowish-white  powder 
which  is  readily  soluble  in  water.  Their  concentrated  solutions  are  viscid 
and  sticky,  sinnlar  to  gum  solutions.  The  dextrins  are  dextrogiTate. 
They  are  insoluble  or  nearly  so  in  alcohol,  and  insoluble  in  ether.  Watery 
solutions  of  dextrins  are  not  precipitated  b}-  basic  leatl  acetate.  Dextrins 
dissolve  eupric  hydrate  in  alkaline  liquids,  forming  a  beautiful  blue  sohi- 
lion,  which,  as  is  generally  admitted,  is  reduced  by  pure  dextrins.  The 
dextrins  are  not  directly  fennen table. 

The  vegetable  ^ms  are  soluble  iti  water,  forming  solutions  which  are  viscid 
but  may  i>e  Idtered.  We  designate,  on  the  contrary,  as  vegetable  mucilages 
those  varieties  of  gym  whjrh  <lo  not  or  only  partly  tlis-olve  in  UMter»  aiiid  uhirh 
ewell  up  therein  to  a  greater  c»r  less  extern.  The  natural  varieties  of  gum  and 
mucilage,  to  wliieh  ."^neral  genera Jly  known  amJ  ini|Hjrtant  substances,  such  as 
gum  aral)if,  wood-gum,  clierry-gum,  salep,  and  quince  mueilage,  and  probably 
also  tlic  little*stuthcd  [>ectin  suhstflru-ea  belong,  will  rvot  lie  treated  in  detaili 
because  of  their  unimportimce  from  a  physiologieail  ^standpoint. 

The  Cellulose  Group  (CaHiP5)x. 

Cellulose  is  that  carbohydrate,  or  pc^rhaps  more  correctly  mi^iture  of 
carbohydrates,-  which  forms  the  chief  constituent  of  the  walls  of  the  plant- 
cells.  This  is  true  for  at  least  the  walk  of  the  young  cells,  while  in  the 
walls  of  the  older  cells  the  cellulose  is  extensively  incrusted  with  a  sub- 
gtauce  called  ligxin. 

The  true  celluloses  are  characterized  by  their  great  insolnbilit3\  They 
nre  insoluble  in  cold  or  hot  water,  alcohol,  ether,  dilute  acids,  and  alkalies. 
We  have  only  one  specific  solvent  for  cellulose,  and  that  is  an  aminoniacal 
solution  of  copper  oxide  called  Schweitzer  's  reagent.  The  cellulose  may 
be  precipitated  from  this  solvent  by  the  addition  of  acids,  and  obtained  as 
an  amorphous  powder  after  washiJig  with  water. 


^  In  rei^iird  to  the  various  views  on  the  thpories  of  the  saprhariticatioii  of  St«rch. 
Bee  Mimenlns  and  (Iniber,  Xeit«f?br.  f,  physioh  t'hpin.,  2;  Lintiier  and  Dull,  Ber.  d.  d 
chem,Gt'aellsch.,20  and  2S;  Biilow,!.  c. ;  Browirand  Heron,  Jon m.  of  chcni.  Soc,  1879; 
Brown  and  Morris,  ibkl,  1885  and  1K89;  SyniewsUi,  Annal.  d.  Chem.  u.  Phann  .  3()0,  and 
Chem.CputralbL,  1902,  2, 

*Jnurn.  of  Physiul  ,  T2,  whieh  contains  the  alder  researches  of  Nasse,  Krfiger, 
^cuineister.  Pohl,  and  Halliburton, 
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Cdhilosc  is  converted  into  a  substance,  so-called  amyloid,  which  gives 
a  blue  coloration  with  iodine  by  the  action  of  concentrated  sulphuric  acid* 
By  the  action  of  strong  nitric  acid  or  a  mixture  of  nitric  acid  and  concen- 
trated sulphuric  acid  celluloses  are  converted  into  nitric-acid  esters  or  nitro- 
celluloses,  which  are  highly  explosive  and  have  found  great  practical  ase. 

The  ordinary  celluloses  when  treated  at  the  ordinar}'  temperature  with 
strong  sulphuric  acid  and  then  boiled  for  some  time  after  diluting  with 
water  are  converted  into  dextrose.  We  also  have  celluloses  which  behave 
differently,  namely  those  which  yield  mannose  on  the  above  treatment. 

HemiceUuloses  are,  according  to  E.  Schvlze,  those  constituents  of  the 
cell-wall  related  to  cellulose  whit'h  differ  from  the  ordinary  cellulose  by  dinsolv- 
ingon  heating  with  strongly  diluted  mineral  acids,  such  as  1.25  ])cr  cent  sulphurio 
add,  and  of  ^-ielding  arabinose,  xylose,  galactose,  and  mannose  instead  of  dextrose. 
The  hemicelluloses  (from  lupin  seeds)  arc  hydrolized  even  by  O.l  per  cent  hydro- 
chloric acid  and  are  dissolvca,  although  only  slowly,  by  diastatic  enzymes  (Schulzb. 
and  C.iSTORO  *). 

The  eellulase,  at  least  in  part,  undergoes  decomposition  in  the  intestinal 
tract  of  man  and  animals.  A  closer  discussion  of  the  nutritive  value  of 
cellulose  will  be  given  in  a  future  chapter  (on  digestion).  The  groat  impor- 
tance of  the  carbohydrates  in  the  animal  economy  and  to  animal  metab- 
'jlism  will  also  be  given  in  the  following  chapters. 

*E.  S^hulze,  Zeitschr.  f.  physiol.  Chem.,  16  and  19,  with  Castoro,  ibid,,  30. 
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The  fats  form  the  third  chief  group  of  the  organic  food  of  mim  and 
ftBimals.  They  occur  ven'  widely  distributed  in  the  animal  and  plant 
kingdoms.  Fat  oceurj?  in  all  organs  and  tisvSues  of  the  animal  organism, 
thoup*h  the  qiiantit}^  may  be  so  variable  that  a  tabular  exhibit  of  the  ani(>iint 
of  fat  in  different  organs  is  of  little  interest.  The  marrow  contains  the 
largest  quantity,  having  over  96  per  cent.  The  three  most  important 
deposit.^  of  fat  in  the  animal  organism  are  the  intermuscular  connective 
tissue,  the  fatty  tissue  in  the  abdominal  cavity,  and  the  subcutaneous  con* 
nective  tissues.  In  plants  the  seeds  and  fruit,  and  in  certain  instances 
also  the  root^,  are  rich  in  fat. 

The  fats  coasist  nearly  entirely  of  so-called  neutral  fats  with  only  very 
Bmall  quantities  of  fatty  acids.  The  neutral  fats  are  esters  of  the  triatomic 
alcf diol,  glycerine^  with  monobasic  fatty  acids.  These  esters  are  trigl}'cerides, 
that  is,  the  hydrogen  atoms  of  the  three  hydroxyl  groups  of  the  glycerine 
arc  replaced  by  the  fatty^acid  radicals,  and  their  general  formula  is  there- 
fure  C3II5.O3.R3.  The  animal  fats  conskt  chiefly  of  esters  of  the  three  fatty 
acids,  stearic  J  pahnitic,  and  oleic  acids.  In  certain  fats,  especially  in  nailk- 
fat,  glycerides  of  fatty  acids  such  as  butyric,  caproic  caprylic,  and  capric 
acids  also  occur  in  considerable  amounts.  Besides  the  above-mentioned 
ordinary  fatty  acids,  stearic,  palmitic,  and  oleic  acids,  we  also  find  in  human 
End  animal  fat,  exclusi^-e  of  certain  fatty  acids  only  little  studieil,  the  fol- 
lowing no n- volatile  fatty  acifls,  as  glyceritlcs,  namely,  lauric  acid,  €,^11,^2, 
myristic  acid,  CnHs^Oa,  and  arachitlic  acid,  C^^jH^^Oj,  In  the  plant  kingdom 
triglycerides  of  other  fatty  acids,  such  as  lauric  acid,  mvristic  acid,  liiioleic 
acitl,  erucic  acid,  etc.,  sometimes  occur  abundantly.  Besides  these,  oxy* 
acitls  and  high  molecular  alcohols  have  been  found  in  many  plant  fat^s* 
The  occurrenee  of  traces  of  these  oxyacids  in  the  animal  kingdom  lias 
jiot  been  thoroughly  investigated,  but  the  occuiTcnce  of  menoxystearic  acid 
eeems  to  have  been  proven.*  The  occurrence  of  high  molecular  alcohols, 
although  ordinarily  only  in  small  amounts,  has  on  the  contrary  been  posi- 
tivel\'  shown  in  animal  fat. 

The  animal  fats  are  of  the  greatest  interest  and  consist  of  a  mixture  of 
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Tuying  quantities  of  tristearin,  tripalmitin,  and  triolein,  having  an 
average  elementaiy  composition  of  C  76.5,  H  12.0,  and  O  11.5  per  cent. 
It  must  be  remarked  that  in  animal  fat  (mutton  and  beef  tallow)  as  well 
as  in  plant  fat  (olive-oil)  mixed  triglycerides,  such  as  dipalmito-olein, 
distearo-palmitin,  distearo-olein,  occur  and  that  these  mixed  glycerides  may 
also  be  prepared  synthetically.* 

Fats  from  different  species  of  animak,  and  even  from  different  parts  of 
the  same  animal,  have  an  essentially  different  consistency,  depending  upon 
the  relative  amounts  of  the  different  fats.  In  solid  fats — as  tallow — 
tristearin  and  tripalmitin  are  in  excess,  while  the  less  solid  fats  are  charac- 
terized by  a  greater  abundance  of  tripalmitin  and  triolein.  This  last- 
mentioned  fat  is  found  in  greater  quantities  proportionally  in  cold-blooded 
animals,  and  this  accounts  for  the  fat  of  these  animals  remaining  fluid  at 
temperatures  at  which  the  fat  of  warm-blooded  animals  solidifies.  Human 
fat  from  different  oigans  and  tissues  contains,  in  round  numbers,  67-85  per 
cent  triolein.'  The  melting-point  of  different  fats  depends  upon  the  com- 
position of  the  mixtures,  and  it  not  only  varies  for  fat  from  different  tissues 
of  the  same  animal,  but  also  for  the  fat  from  the  same  tissues  in  various 
kinds  of  animals. 

Xeutral  fats  are  colorless  or  yellowish  and,  when  perfectly  pure,  odorless 

and  tasteless.    They  are  lighter  than  water,  on  which  they  float  when  in  a 

malten  condition.    They  are  insoluble  in  water,  dissolve  in  boiling  alcohol, 

but  separate  on  cooling, — often  in  crystals.    They  are  easily  soluble  in 

ether,  benzene,  and  chloroform.    The  fluid  neutral  fats  give  an  emulsion 

when  shaken  with  a  solution  of  gum  or  albumin.     With  wator  alone  they 

give  an  emulsion  only  after  vigorous  and  prolonged  shaking,   but  the 

emulsion  Is  not  persistent.    The  presence  of  some  soap  causes  a  verj'  fine 

and  permanent  emulsion  to  fonn  easily.     Fat  pnxhicos  spots  on  paper 

which  do  not  disappear;  it  is  not  volatile;  it  boils  at  a!)out  300°  C.  with 

partial  decomposition,  and  bums  with  a  luminous  and  smoky  flame.     The 

fatty  acids  have  most  of  the  above-mentioned  pn)pertics  in  common  with 

the  neutral  fats,  but  differ  from  them  in  being  soluble  in  alcohol-ether,  in 

having  an  acid  reaction,  and  by  not  giving  the  acrolein  test.     The  neutral 

fats  generate  a  stn)ng  irritating  vapor  of  acrolein,  due  to  the  decomposition 

of    glycerine,    03X15(011)3— 2H2O  =  €31140,    when    heated    alone,    or    more 

easily  when  heated  with  potassium  bisulphate  or  with  other  dehydrating 

substances. 

The  neutral  fats  may  be  split  by  the  addition  of  the  constituents  of 


*  Guth,  Zeitschr.  f.  Biologie,  44;  W.  Hansen,  Arch.  f.  Hygiene,  42;  Holde  and 
Stange,  Ber.  d.  d.  chem.  Gesellsch.,  34;  Kreis  and  Hafner,  ibid.,  36. 

'  See  Knopfelmacher,  "Untersuch.  iiber  das  Fett  im  Siiuglingsalter,"  etc.,  Jahrbuch 
f.  Kinderheilkunde  (N.  F.),  45,  which  also  contains  the  older  literature;  Jaeckle, 
Zeitachr.  f.  physiol.  Chem.,  36. 
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water  according  to  the  following  eqtiation:  CgH^(OR)3-f3HiO==CaHJOH}, 
-f^HOR,  This  split tiniu;  may  lie  prodiicetl  by  the  panereatie  enzyme  and 
other  enzymes  oeciirriiig  in  the  animal  and  vegetable  kingdoms,  or  by 
siiperheate<l  steam.  We  most  frequently  decompose  the  neutral  fats  by 
boilinfi:  them  with  n*>t  too  concentrated  caustic  alkah,  or,  still  better  (in 
bioeheniit'al  researches),  with  an  ak*ohohc  pr>tash  solution  or  with  sodium 
ak'oholate.  By  this  procedure,  which  is  called  saponification^  the  alkali  salts 
of  the  fatty  acids  (soaps)  are  formed.  If  the  saponification  is  made  with 
lead  oxide,  then  lead  plaster,  the  leatl  salt  of  the  fal  ty  acids  is  prtxlucc^. 
By  sapomficati<m  is  to  be  nnderst tK>d  nrd.  finly  the  cleavage  of  neutral  fats 
by  alkalies,  but  also  the  splitting  of  neutral  fats  into  fatty  acids  and  glycer- 
ine in  general 

On  keeping  fats  for  a  long  time  in  contact  with  air  they  imdergo  a  change, 
becoming  yellnw  in  color,  acid  in  react  ion »  and  develop  an  unpleasant 
odor  and  taste.  They  become  rntmd,  and  in  this  change  a  part  of  the 
fat  is  split  into  fatty  acids  and  glycerine,  and  then  an  oxidation  of  the  free 
fatty  acids  takes  place,  producing  volatile  bodictn  of  an  unpleasant  odor. 

The  three  most  important  fata  of  the  animal  kingdom  are  stcann^ 
palmUinf  and  akin. 


Ca.O.C^H^O 


in 


Stearin   or   tristearin,   CjjHuuO^^tli.OX'iyllajO,    occurs    especially 

the  solitl  varieties  of  tallows,  but  also  in  the  vegetable  fats*  Stearic  acid, 
CiglliKitX,  is  found  in  the  free  state  in  decomposed  pus,  in  the  expectora- 
tions in  gangrene  of  the  lungs^  and  in  cheesy  tuberculous  masses.  It 
occult  as  lime-soap  in  excrements  and  adipocere,  and  in  this  last  product 
also  as  an  ammonium  soap.  Italsn  exists  as  alkali  soap  in  the  bloody  bile, 
transudations,  and  pus,  and  in  the  urme  to  a  slight  extent. 

Stearin  is  the  hardest  and  most  insoluble  of  the  three  ordinary  neutral 
fats.  It  is  nearly  insoluble  in  cokl  alcohol,  anrl  soluble  \\ith  great  difficulty 
in  cold  ether  (225  parts).  It  separates  from  warm  alcohol  on  coohng  as 
rectangtdar,  less  frequently  as  rhombic  plates.  The  statements  in  regard 
to  the  melting-pomt  are  somewhat  varie<b  Pure  stearin,  accorthng  to 
Heintz/  melts  traasitorily  at  55"^  and  permanently  at  71,5®,  The  stearin 
from  the  fatty  tissues  (not  pure)  melts  at  63°  C. 

Stearic  acid,  (CHj),^,  crj^stallizes  (on  cooling  from  boihng  alcohol)  in 
COOH 
laj^e,  shiningj  long  rhombic  scales  or  plates.    It  is  less  soluble  than  the 
other  fatty  acids  and  melts  at  69.2°  C»     Its  barium  salt  contains  19.49  per 
cent  barium,  and  its  silver  salt  contains  27.59  per  cent  silver. 


p.  LMITIN  AND  OLEIN.  Ill 

CH,.O.CieH3iO 
Pahnitin,  or  tripalmitin,  C^iHgjOe=CH.O.Ci9H„0.    Of  the  two  solid  var 

CH,.O.C,.H3iO 
rieties  of  fats,  palmitin  is  the  one  which  occurs  in  predominant  quantities 
in  human  fat  (Langer  0  Pabnitin  is  present  in  all  animal  fats  and  in 
several  kinds  of  vegetable  fat.  A  mixture  of  stearin  and  pahnitin  was 
formerly  called  margarix.  As  to  the  occurrence  of  palmitic  acid,  CieHjzOj, 
about  the  same  remarks  apply  as  to  stearic  acid.  The  mixture  of  these 
two  acids  has  been  called  margaric  acid,  and  this  mixture  occurs — often 
as  ver}'  long,  thin,  crj'stalline  plates — in  old  pus,  in  expectorations  from 
gangrene  of  the  lungs,  etc. 

Palmiiin  crystallizes,  on  cooling  from  a  warm  saturated  solution  in  ether 
or  alcohol,  in  starry  rosettes  of  fine  needles.    The  mixture  of  palmitiii  and 
stearin,  calle<l  margarin,  crystallizes,  on  cooling  from  a  solution,  as  balls  or 
round  masses  which  consist  of  short  or  long,  thin  plat<?s  or  needles  which 
often  appear  like  blades  of  grass.     Palmitin,  like  stearin,  has  a  variable 
melting  and  solidifying  point,  depending  upon  the  way  it  has  been  pre- 
wsly  treated.    The  melting-point  is  often  given  as  62^  C.    According 
toother  statements.^  it  melts  at  50.5°  C,  solidifies  on  further  heating,  and 
melts  again  at  66.50°  C. 
CH, 
Palmitic  acid,  (CHJj^,  crystallizes  from  an  alcoholic  solution  in  tufts 
COOH 
of  fine  needles.     It  melts  at  62°  C;  still  the  admixture  with  stearic  acid, 
asHKixTZ  has  shown,  essentially  changes  the  melting-  and  solidifying-points 
according  to  the  relative  amounts  of  the  two  acids.     Palmitic  acid  is  some- 
what more  soluble  in  cold  alcohol  than  stearic  acid;    but  thoy  have  about 
the  same  solubility  in  boiling  alcohol,  ether,  chloroform,  and  benzene.     Its 
barium  salt  contains  21.17  per  cent  barium,  and  the  silver  salt  contains 
29.72  per  cent  silver.    " 

CH,.O.C,«H330 
Olein,  or  triolein,  C57Hio40e=CH.O.Ci,ll330,  is  present   in   all   animal 

CIl2.0.C,3ll330 
fats,  and  in  greater  quantities  in  vegetable  fats.    It  is  a  solvent  for  stoarin 
and  palmitin.    The  oleic  acid  (elaic  acid),  Ciallg^Oj,  has  as  soaps  pr()i)ai)ly 
the  same  occurrence  as  the  other  fatty  acids. 

Olein  is,  at  ordinary  temperatures,  a  nearly  colorless  oil  of  a  specific 
gravity  of  0.914,  without  odor  or  marked  taste,  and  solidifies  in  crystallhie 
needles  at  —  6°  C.     It  becomes  rancid  quickly  if  exposed  to  the  air.     It 


'  Monatshefte  f.  Chem.,  2;  see  also  Jaeckle,  Zeitschr.  f.  physiol.  Chem.,  36. 
»  R.  Benedikt,  Analyse  der  Fette.     3.  Aufl.,  1897,  44. 
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dissolves  with  difficulty  in  cold  alcohol,  but  more  easily  in  warm  alcoi 
or  ill  ether.     It  is  converted  into  its  isomer,  elajdin,  by  nitrous  acid, 

(CH,), 

Oleic  acid,    ^;^      ,  forms  on  heating,  besides  volatile  acids,  sebacic  aciJ, 

(CH,), 
COOH 

CjoHijOi,  which  cr>^stallizes  in  shining  leaves  and  melts  at  127°  C.  With 
nitrous  acid  oleic  acid  is  transformed  into  the  isomeric  solid  claidic  add, 
which  melts  at  45°  C.  Oleic  acid  forms  at  ordinary  temperature  a  colorless, 
tasteless,  and  odorless  oily  liquid  which  solidifies  in  crystals  at  about 
4"^  C'.,  which  then  melt  again  at  14°  C.  Oleic  acid  Ls  insoluble  in  water, 
but  dissolves  in  alcohol,  ether,  and  chloroform.  With  concentrated  sul- 
phuric acid  and  some  cane-sugar  it  gives  a  beautiful  red  or  reddish-violet 
liquid  whose  color  is  similar  to  that  produced  in  PETTFA'KOFER^s  test  for 
bile- acids.  Oleic  acid  is  an  unsaturated  fatty  acid  which  can  take  up 
halogens.  On  heating  with  hydriodic  acid  and  amorphous  phosphonis 
it  takes  up  hydrogen  and  is  convert e<.l  into  stearic  acid.  Oleic  acid  readily 
oxidizes  in  the  air,  yielding  acid  products.  The  monoxystearie  acid  found 
in  certain  animal  fats  may  be  formed  from  oleic  acid  by  oxidation.  The 
barium  salt  of  oleic  acid  contains  19.65  per  cent  barium  and  the  silver 
salt  27.73  per  cent  silver. 

If  the  watery  solution  of  the  alkali  combinations  of  oleic  acid  is  precipi- 
tated with  lead  acetate,  a  white,  tough,  sticky  mass  of  lead  oleate  is 
obtained  which  is  not  soluble  in  water  and  only  slightly  in  alcohol,  but  is 
soluble  in  ether.  Tliis  salt  is  more  easily  soluble  ui  benzene  than  the  lead 
salts  of  stearic  and  palnntic  acids,  and  this  behavior  of  the  lea*!  salts  towards 
ether  atid  benzene  is  made  use  of  in  separating  oleic  acid  from  the  other 
fatty  acids. 

All  acid  related  to  oleic  acid,  doeolic  acid^  which  is  solid  at  0°  C,  liquid  at 
16°  C,  and  s«iluble  in  aleohol,  is  found  in  the  bluhber  of  the  BoZe«o  rostrata, 
KuRHATOKF  ^  hiis  demonstrated  the  presence  of  linoleic  acid  in  the  fat  of  the  silurus, 
sturgeon,  geal,  and  certain  other  animals.  Drying  fats  have  also  been  found  by 
Amthoh  and  Zink^  id  hares^  wild  rabbits,  wild  boar,  and  mountain-cock. 

To  detect  the  presence  of  fat  in  an  animal  fluid  or  tissue  the  fat  must 
first  be  shaken  out  or  extracts  1  with  ether.  After  the  evaporation  of  the 
ether  the  residue  is  lesteii  for  fat  and  the  acrolein  test  must  not  be  neg- 
lected. If  this  test  gives  posit ixe  result^s,  then  neutral  fats  are  present; 
if  the  results  are  negati\'e.  then  only  fatty  acids  are  present.  If  the  above 
residue  after  evai>oratinn  gives  the  acrolein  test,  then  a  small  portion  is 
dissolved  in  alcohol-ether  free  from  acid  aiul  which  has  been  colored  bluish 


I 


»Maly's  jahrcsber.,  22, 


*  Zeitschr.  f.  analyt.  Chem,,  36. 
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Tiolet  by  tincture  of  alkanet.  If  the  color  becomes  red,  a  mixture  of  neu- 
tral fat  and  fatty  acids  is  present.  In  this  case  the  fat  is  treated  while 
warm  with  a  soda  solution  and  evaporated  on  the  water-bath,  constantly 
stirring  until  all  the  water  is  removed.  The  fatty  acids  hereby  combine 
ifith  the  alkali,  forming  soaps,  while  the  neutral  fats  are  not  saponified 
under  these  conditions.  If  this  mixture  of  soaps  and  neutral  fats  i& 
treated  with  water  and  then  shaken  with  pure  ether,  the  neutral  fata 
are  dissolved,  while  the  soaps  remain  in  the  watery  solution.  The  fatty 
acids  may  be  separated  from  this  solution  by  the  addition  of  a  mineral 
wiJ  which  sets  the  acid  free. 

The  neutral  fats  separated  from  the  soaps  by  means  of  ether  are  often 
wntaminated  with  cholesterin,  which  must  be  separated  in  quantitative 
determinations  by  saponification  with  alcoholic  caustic  potash.  The 
cholesterin  is  not  attacked  by  the  caustic  alkali,  while  the  neutral  fats  are 
saponified.  After  the  evaporation  of  the  alcohol  the  residue  is  dissolved  in 
water  and  shaken  with  ether,  which  dissolves  the  cholesterin.  The  fatty 
acids  are  separated  from  the  watery  solution  of  the  soaps  by  the  addition  of 
a  mineral  acid.  If  a  mixture  of  soaps,  neutral  fats,  and  fatty  acids  is 
originally  present,  it  is  treated  first  with  water,  then  agitated  with  ether 
free  from  alcohol,  which  dissolves  the  fat  and  fatty  acids,  while  the  soaps 
remain  in  the  solution,  with  the  exception  of  a  very  small  amount  which  is 
dissolved  by  the  ether. 

To  detect  and  to  separate  the  different  varieties  of  neutral  fats  from 
each  other  it  is  best  first  to  saponify  them  with  alcoholic  potash,  or  still 
better  with  sodium  alcoholate,  according  to  Kossel,  Obermuller,  and 
KRi'GER.'    After  the  evaporation  of  the  alcohol  they  are  dissolved  in  water 
and  precipitated  with  sugar  of  lead.     The  load  oleate  is  then  separated  from 
the  other  two  lead  salts  by  repeated  extraction  with  ether,  but  it  must  be 
remarked  that  the  lead  salts  of  the  other  fatty  acids  are  not  quite  insoluble 
in  ether.    The  residue  insoluble  in  ether  is  decomposed  on  the  water-bath 
^vith  an  excess  of  soda  solution,  evaporated  to  dynoss,  finely  pulverized, 
and  extracted  with  boiling  alcohol.     The  alcoholic  solution  is  then  frac- 
tionally precipitated  by  barium  acetate  or  barium  chloride.     In  one  fraction 
the  amount  of  barium  is  determined,  and  in  the  other  the  melting-point  of 
the  fatty  acid   set   free  by   a   mineral   acid.     The   fatty  acids  occurring 
<'nginally  in  the  animal  tissues  or  fluids  as  free  acids  or  as  soaps  are  con- 
verted into  barium  salts  and  investigated  as  above.     According  to  Jaeckle,' 
it  is  better  to  isolate  the  fatty  acids  as  silver  salts.     This  same  experimenter 
also  considers  it  more  advisable  to  dissolve  the  lead  salts  in  wann  benzene, 
^^  suggested  by  Farn.steixer,  and  to  obtain  the  crystalline  lead  salts  of 
the  8oIid  fatty  acids  by  cooling. 

In  addition  to  the  methods  already  suggested  there  are  other  chemical  meth- 
ods which  are  im|X)rtant  in  investigating  fats.  Besides  ascertaining  the  melting- 
and  CO ngea ling-point  we  also  detormine  the  follo^ving:  1.  The  acid  equivalent, 
which  is  a  measure  of  the  amount  of  fatty  acids  in  a  fat  and  is  determmed  by 
titrating  the  fat  dissolved  in  alcohol-ether  ^vith  N/10  alcoholic  caustic  potash,  using 


*  Zeitschr.  f.  physiol.  Chem.,  14,  15,  and  16. 
» Ibid,.  36. 


jibonrtlphthalfin  as  indimtor.  2,  The  sapttfiifwaiifm  fqnivrtlejit ,  whirh  pvcs 
tlip  nViilifrranis  of  finjstir  pottish  miifed  with  the  fati)'  iuldn  in  the  saponification 
tjf  1  jErrm.  fat  with  N/2  alcoholic  caustic  potash.  3,  Reichkrt-Meis,si/&v  equiva- 
lent, which  gives  the  quantity  of  volatile  fatty  acids  contained  in  a  given  amount 
of  neutral  fat  (5  gnns.).  The  fat  is  sa|^>nitied,  then  aeitlified  with  mineral  acid 
and  distilled,  whereby  the  vc^latile  fatty  acids  pass  over  and  the  distillate  is  ti- 
trateil  w  ith  alkali,  4.  Itnline  iquiraieni  is  the  (lytiiitity  of  iotline  absorlxKl  by  a 
certain  amount  of  the  fat  by  addition.  It  is  r  hie  My  a  measure  of  tiie  cjuantity  of 
uixsatunited  fatty  aeidn,  prioeipally  uleie  aiid  or  tjlein  in  the  fat.  Other  bodie.^, 
BUeh  as  cholesteriri,  rn:iy  also  abstjrh  kuline  or  hali>^ens.  The  iodine  etjuivH- 
lent  iii  generally  determined  arrording  to  tiie  method  suggested  by  v,  Hibl. 
5*  The  aid ?y/  apuraknt.  Oxyaei<is,  alrt<hols  such  as  eetyl  alrohol  or  eholestenn, 
and  thrse  ecjustituents  of  fats  eontaiiiinK  the  Oil  pTfaip  are  transforme*!  into  the 
corresponding  aeetyl  ester  on  boiling  with  rcetic  rrihydridej  while  the  fatly  acidj* 
remain  unchanged^  and  in  this  way  the  estimation  of  theise  iodies  is  |  ossible.  The 
fat  is  Ba]K>nified,  the  sfiaps  decomposed  by  an  excess  of  acid,  and  the  mixture 
of  fatty  acids,  oxy  fatty  a  rids,  thulesterin,  etc.,  boihrl  with  acetic  anhydride. 
The  acid  equivali^it  is  determirR*d  in  a  weighed  |  art  of  the  carefully  washed 
acetic-aeid-free  mixture  by  titration  with  alcoholic  caustic  jotash.  Tliis  acid 
equivalent  represents  all  the  acids  (fatty  acids  as  well  as  the  atx^tylated 
oxyacids),  and  it  is  designated  the  uaiyi  acid  ttpirvak-fit.  The  neulraJ  tluid  is 
now  titrated  with  an  exactly  mea^suretl,  sufficient  quantity  of  the  s?anie  alkali 
and  the  acetyl  com|X)unds  sa[«onified  by  l:H>ihng,  On  retitrating  ue  (uid  I  he 
quantity  of  alkali  ustni  in  sa|>f>nificati{in,  and  this  number,  calcidatecl  to  lOOiJarts 
of  the  fat,  represents  the  acetyl  equivalent.  In  regard  to  the  jerforniance  of 
the  above-mentioned  dilTerent  estimations  we  must  refer  the  reader  to  more  com- 
plete works,  such  m  '*  Analysis  of  Fatn  and  Waxes/*  R.  Bknkdikt^  1897. 

In  the  fiuantitative  estimatinn  of  fats  the  fintly  divided  dried  tissues  or 
the  fiiieiy  divitled  re;j<!diie  from  an  evapr^rated  fhuil  m  extraetetl  wilh  ether, 
aleohid-ethcr,  benzene,  nr  any  other  proper  extract  ion  nsedinni.  The  investi- 
gations of  DotiMKYEii  *  and  f>thers,  carnetl  r>n  in  rFLtaFH*s  lalioratoiT, 
have  shn%vqi  that  even  witfi  very  ]jn>liuiged  extraction  with  ether  ail  the  fat 
is  not  extractetl.  First  extract  1ho  rreater  ]>art  of  the  fat  by  ether.  Then 
diciest  with  pepi^in-bydruehlorie  acid,  ecdlrct  the  insoliilde  residue  on  a  filter, 
dry.  and  extract  with  ether.  The  fat  is  extracted]  frorn  the  filtrate  by 
shaking  with  ether,  evaporatin*^  the  extract  and  the  fat  sejiarated  from  other 
bodies  by  e.xtracting  the  residue  with  jH'trolenni  ether.  Glikin,^  who  has 
tested  tlie  vai'ious  jnethods»  reeoininends  as  the  best  the  extraction  \\ith 
boiling  petroleum  ether  and  the  removal  of  the  lecithin  by  acetone,  in 
which  it  is  insoluble. 

Tlie  fats  are  jioor  in  oxyp:en,  but  rich  in  carbon  and  hydronren.  They 
therefore  represent  a  large  amount  of  chemical  potential  energy,  anrl  yit  Id 
correspondingly  large  quantities  of  heat  on  combustion.  They  take  frst 
rank  amongst  the  ff>ods  in  this  regard,  and  are  therefore  of  ver>'  great 
importance  in  animal  life.    We  will  sjieak  more  in  detail  of  tins  sirtVifi- 

*  On  fat  extraction  for  quantitative  estimation  see:  Dormeyer^  PfliiKer's  Arch..  61 
and  05;  Bogdanaw,  ibld.,n:y,  m,  and  Du  Ikils-Reymond's  Arch.,  1897,  HO;  X  Schulx. 
Pfluger*8  Arch..  iW>;  Voit  and  Krumraaeher»  Zeitschr.  f.  Biobgie,  35;  O.  Frank,  ibid^^ 
85;  Pdimanti,  Piluger^s  Arch.,  70;  J.  Nerking,  ibid.,  71. 

'  Pfliiger's  Arcli.,  95. 
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cance,  also  of  fat  formation  and  the  behavior  of  the  fats  in  the  body  in  the 
Mowing  chapters. 

The  LECITHINS,  which  stand  in  close  relationship  to  the  fats,  will  be 
treated  in  a  subsequent  chapter.  The  following  bodies  are  related  to  the 
orilinan'  animal  fats. 

Spermaceti.  In  the  living  spermaceti  or  white  whale  there  is  found  in  a  large 
cavity  in  the  skull  an  oily  liquid  called  spermaceti,  which  on  cooling  after  death 
separates  into  a  solid  crystalline  part,  ordinarily  called  spermaceti,  and  into  a 
liquid.  SPERMACETI -OIL.  This  last  is  separated  by  pressure.  Spermaceti  is  also 
found  in  other  whales  and  in  certain  sjjecies  of  dolphin. 

The  purifieii,  solid  spermaceti,  which  is  called  cetin,  is  a  mixture  of  esters  of 
fatty  acids.  The  chief  constituent  is  the  cetyl-palmitic  ester  mixed  with  small 
quantities  of  compound  ethers  of  lauric,  myristic,  and  stearic  acids  with  radicals 
of  the  alcohols,  lethal,  CijHjj.OH,  metiial,  C^H.^^OH,  and  stethal,  C,^H„.0H. 

Cetin  is  a  snow-white  mass  shining  like  mother-of-pearl,  crystallizing  in  plates, 
brittle,  fatty  to  the  touch,  and  which  has  a  var\nng  melting-y)oint  of  30°  to 
50°  C,  depending  upon  its  purity.  Ceiin  is  insoluble  in  water,  but  dissolves 
easily  in  cold  etner  or  volatile  and  fatty  oils.  It  dissolves  in  boiling  alcohol, 
but  cnstallizcs  on  cooling.  It  is  saj)onified  with  difficulty  by  a  solution  of  caustic 
potash  in  water,  but  with  an  alcoholic  solution  it  sai)onifies  readily  and  the  above- 
mentioned  alcohols  are  set  free. 

CH, 

Ethal  or  cetyl  alcohol,  C^^H^ fi  '='  (CIl^^^,  which  also  occurs  in  the  coccygeal 

CH2.OH 
gland  of  ducks  and  geese  (De  Jonge  *)  and  in  smaUer  quantities  in  beeswax, 
and  found  by  Ludwig  and  v.  Zeynek  '  in  the  fat  from  dermoid  cysts,  forms  white, 
traiL'^parent,  odorless,  and  tasteless  cr\'stals  which  are  insoluble  in  water  but 
dissolve  easily  in  alcohol  and  ether.     Ethal  melts  at  49.5°  C. 

Spermaceti-oil  yields  on  sai)onification  valerianic  acid,  small  amounts  of 
solid  fatty  acids,  and  physetoleic  acid.  This  acid,  which  has,  like  hyix)g8eic 
acid,  the  composition  Cj^HjoOj,  occurs  also,  as  found  by  Ljibarsky,'  in  con- 
siderable amounts  in  the  fat  of  the  seal.  It  forms  colorless  and  odorless,  needle- 
sha|)od  cr>-stals  whif^h  easily  dissolve  in  alcohol  and  ether  and  melt  at  34°  C. 

Beeswax  may  be  treated  here  as  concluding  the  subject  of  fats.  It  con- 
tains three  chief  constituents:  (I)  Cerotic  acid,  C.^^HJ02,*  which  occurs  as  cetyl 
ethor  in  Chinese  wax  and  as  free  acid  in  ordinary  wax.  It  dissolves  in  boiling 
alfohol  and  separates  as  crystals  on  cooling.  The  cooled  alcoholic  extract  of 
^ax  contains  (2)  cerolein,  which  is  probably  a  mixture  of  several  bodies,  and 
(3'  MYRicix,  which  forms  the  chief  constituent  of  that  part  of  wax  which  is  in- 
^lublo  in  warm  or  cold  alcohol.  Myricin  consists  chiefly  of  palmitic-acid  ether 
of  moli.ssvl  (mvricyl)  alcohol,  CjoHei-OH.  This  alcohol  is  a  silky,  shining,  crys- 
talline body  melting  at  85°  C. 

*  Zeitschr.  f.  physiol.  Chem.,  3. 

2/6i<i.,23. 

Uoum.  f.  prakt.  Chem.  (N.  F.),  57. 

*See  Henriques,  Ber.  d.  deut«ch.  chem.  Gesellsch.,  30,  1415. 
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The  cell  is  the  unit  of  the  rnaiiifolcl,  variable  forms  of  the  organism;  it 
forms  the  simplest  physiological  ap|>aratus,  ami  as  such  is  the  seat  of  chem- 
ical processes.  It  Is  generally  afitnitted  that  all  chemical  processes  of 
importance  do  not  take  place  in  the  animal  fluids,  but  transpire  in  the 
cells,  wliirh  may  be  consideral  as  the  chemical  laborator}^  of  the  organism. 
It  is  also  principally  the  cells  which,  through  their  greater  or  less  activity, 
regulate  or  govern  the  range  of  the  chemical  processes  and  also  the 
intensity  of  the  tr>ta!  exchange  of  material. 

It  is  natural  tiuit  the  chenucal  invcstii[![ation  of  the  animal  cell  should 
in  most  cases  coincide  with  the  studv  of  those  tissues  of  which  it  forms  the 
chief  constituent.     Only  in  a  few  cases  can  the  cells,  by  relati\'ely  simple 
manipulations,  he  directly  isolated  in  a  rather  pure  state  from  the  tissues, 
stB,  for  example,  in  the  investigation  of  pus  or  of  tissues  very  rich  in  cells.  )| 
But  even  in  these  cases  the  chemical  investigation  may  not  lead  to  any 
positive  results  in  regard  to  the  constituents  of  the  uninjured  livinsc  cells. 
By  the  process  of  chemical  tran.sformation  new  substances  may  be  formeil  < 
on  the  death  of  the  cell^  and  at  the  same  time  physiological  constituents  ' 
of  the  cell  may  be  destroye<i  or  transported  into  the  surrounding  nie<Jiuni 
and  therefore  escape  investigation.     For  this  and  other  reasons  we  possess 
only  a  very  limited  knowledge  of  the  constituents  and  the  composition 
of  the  cell,  especially  of  the  living  one. 

While  young  cells  of  different  origin  in  the  early  period  of  their  exist- 
ence may  show  a  certain  simUarity  in  regard  to  form  and  chemical  com- 
position, they  may,  on  further  development,  not  only  take  the  most  varied 
forms,  but  may  also  tifi'er  from  a  chemical  standpoint  the  greatest  diversity. 
As  a  description  of  the  constituents  and  composition  of  the  different  cells 
occurring  in  the  animal  organism  is  nearl}^  equivalent  to  a  demonstration 
of  the  chemical  properties  of  most  animal  tissues,  and  as  this  exposition 
will  be  foimd  in  the  corresponding  chapters,  we  w  ill  here  onl}'  disciLss  the 
chemical  constituents  of  the  young  cells  or  cells  in  general. 

In  the  study  of  these  constituents  we  are  confronted  with  another 
difficulty^  namely,  we  must  differentiate  by  chemical  research  Ijctween 
those  constituents  w^hich  are  essentially  necessary  for  the  life  of  the  cells 
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and  those  which  are  casual,  i.e.,  stored  up  as  reserve  material  or  as  meta- 
bolic products.  In  this  connection  we-  have  only  been  able,  thus  far,  to- 
leam  of  certain  substances  which  seem  to  occur  in  every  developing  cell. 
Such  bodies,  called  primary  by  Kossel,*  are,  besides  water  and  certain 
mineral  constituents,  proteids,  nucleoproteids  or  nucleins,  lecithins, 
glycogen  (?),  and  cholesterin.  Those  bodies  which  do  not  occur  in  every 
developing  cell  are  called  secondary.  Amongst  these  we  have  fat, 
glycogen  (?),  pigments,  etc.  It  must  not  be  forgotten  that  it  is  still  possible 
that  other  primary  cell  constituents  may  exist,  but  unknown  to  us,  and 
we  also  do  not  know  whether  all  the  primary  coastituents  of  the  cell  are 
necessary  or  essential  for  the  life  and  functions  of  the  same. 

Another  important  question  is  the  division  of  the  various  cell  constit- 
uents between  the  two  morphological  components  of  the  cell,  namely,  the 
protoplasm  and  the  nucleiLs.  This  is  very  difficult  to  decide  for  many  of 
the  constituents;  nevertheless  it  is  appropriate  to  dififerentiate  between  the 
protoplasm  and  the  nucleus. 

The  Protoplasm  of  the  developing  cell  consists  during  life  of  a  semi- 
solid mass,  contractile  under  certain  conditions  and  readily  changeable,, 
which  is  rich  in  water  and  whose  chief  portion  consists  of  protein  substances, 
i.e.,  of  colloids.  If  the  cell  be  deprived  of  the  physiological  conditions  of 
life,  or  if  exposed  to  destructive  exterior  influences,  such  as  the  action  of 
high  temperatures,  of  chemical  agents,  the  protoplasm  dies.  The  proteid 
bodies  which  it  contains  coagulate  at  least  partially,  and  other  chemical 
changes  are  found  to  take  place.  The  alkaline  reaction  (litmus)  of  the 
living  cell  may  become  acid  by  the  appearance  of  paralactic  acid,  and  the 
carbohydrate,  glycogen,  which  habitually  occurs  in  the  young  growing  cell, 
may  after  its  death  be  quickly  changed  and  consumed. 

The  question  as  to  the  internal  structure  of  the  protoplasm  is  still  in 
controversy.  It  Is  of  little  importance  in  the  study  of  the  chemical  compo- 
sition of  the  cells,  as  it  is  impossible  to  study,  especially  by  chemical  meiins, 
the  morphologically  different  constituents  of  the  protoplasm.  With  the 
exception  of  a  few  microchemical  reactions  the  chemical  analysis  has  been 
restricted  to  the  protoplasm  as  such,  and  the  investigations  have  !>eon 
directed  in  the  first  place  to  the  protein  substances  which  form  the  chief 
nias^^  of  the  protoplasm. 

The  proteids  of  the  protoplasm  consist,  according  to  the  older  general 
^iew,  chiefly  of  globtdins.  Albumins  have  also  been  found  besides  the  gl(;bu- 
lins.  There  is  no  doubt  at  present  that  the  albumins  occur  in  the  cells  only 
a>  traces,  or  at  least  only  in  trifling  quantities.  Tlie  presence  of  globulins 
can  hardly  be  disputed,  although  certain  cell  constituents  described  as 
globulins  have  been  shown  on  closer  investigation  to  be  nucleoalbumins  or 

*  Verhandl.  d.  physiol.  Gesellsch.  zu  Berlin,  1890-91,  Nos.  5  and  G. 
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nucleoproteids.  According  to  Halliburton  ^  the  proteid  occurring  in  all 
cells  and  coagulating  at  47^^-50^  C.  Ls  a  true  globulin. 

In  opposition  to  the  view  that  the  chief  mass  of  the  animal  cell  consists 
of  true  proteida,  Hammarsten  ^  expressed  the  opinion  several  years  ago  that 
the  chief  mass  of  the  protein  substances  of  the  cells  does  not  consist  of 
prtjteids  in  the  ordinar}^  sense,  but  consists  of  more  complex  phosphorized 
bodies,  and  that  the  globulins  and  albumins  are  to  be  considered  a^  nutri- 
live  material  for  the  cells  or  as  destructive  products  in  the  chemical  trans- 
formation of  the  pnitopla-sm.  This  view  has  received  substantial  support 
by  investigations  within  the  last  few  years.  Alex.  Schmidt  '  has  come  to 
the  view,  by  investigations  on  various  kinds  of  cells^  that  they  contain 
only  very  little  proteitb  antl  that  the  chief  mass  consists  of  very  complex 
prtr»t^in  substances. 

Tlie  ]>rotein  substances  of  the  cells  consist  chiefly  of  compound  prokidSf 
and  these  are  divided  between  the  glucoproteid  and  the  nucleo proteid 
groups.  It  is  impossible  at  present  to  state  to  what  extent  nucleoalbnrains 
exist  in  the  cells  l>ecause  thus  far  in  most  cases  no  exact  difTerence  has  been 
made  between  them  and  the  nucleoproteids.  HoppE-SErLER  *  calls  vitellin 
a  regular  constituent  of  all  pmtoplasm.  This  body  used  to  be  considered 
as  ;i  glubului,  but  later  researches  have  shown  that  the  so-called  vitellin 
bodies  may  be  of  various  kinds.  Certain  vitellins  seem  to  be  nncleoalbu- 
mins,  and  it  is  therefore  very  probable  that  cells  habitually  contain  ntttleo- 
all  mm  ins. 

The  nmieoproteids  take  a  very  prominent  place  among  the  compound 
proteids  of  the  cell.  The  various  substances  isolatal  by  iliffcrcnt  investiga- 
tors from  animal  cells,  such  as  iissue-fihrinorjen  (Wooldridue),  ctjtofjlobln 
and  prdghlndin  (Alex.  fc>tUM]DT),  or  nucleokision  (Kossel  and  Liliex- 
FELD  *),  l>elong  to  this  group.  The  cell  constituent  which  swells  up  to  a 
sticky  mass  with  conmion  salt  solution  and  called  Ro^rtDA's  hyaline  sub- 
stance alscj  belongs  to  this  group. 

The  above-meniicned  different  protein  substances  have  only  been  simply 
desit^natetl  as  constituents  of  the  colls.  The  next  question  is  which  of  these 
belong  to  the  protoi>la^m  and  whicli  to  the  nucleus.  At  present  we  can 
give  no  positive  aaswer  to  this  question.  According  to  Kossel  and  Lilien- 
rELD»*  the  cell-nucleus  of  the  leucocytes  of  the  thymus  gland  CDntains  a 


1  Scr  ITnllitnirton,  On  the  Chemical  Physiology  of  the  Animal  C^,  1893.  No.  1, 
King*^  rVille«*c  Physiol.  Laborator)\ 
*pnuger's  Arch.,  30. 
»  Alex.  Schmidt,  Zur  Illutlchre.     Leipzig,  1892, 

*  Physiol.  Chem.,  1877-1881,  76. 

*Soe   L.  C.  Wooldridge,  Die  Geritmung  dcs  Blutes.     Leipzig,  1891;    A.  Schmidt, 
Zur  Uhitlchre;   Lilirmfpld,  Zeitschr  f.  ph>^iol.  Chom,,  IS. 

•  IVhcr  <Jii»  Wfthlvenv iinclus^'haft  tier  Zellpirmente  zn  gewiaaen  Fftrbf^tofTen       Ver- 
haiiS.  d  F»hysiil,  Geselbch,  «u  BeHin.  No.  11,  1893. 
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nucleoproteid  as  chief  constituent,  besides  nucleins,  and  sometimes  perhaps 
also  nucleic  acid  (see  below),  while  the  body  of  the  cells  contains  chiefly 
pure  proteids  besides  other  substances,  and  only  a  nucleoproteid,  con- 
taiDing  a  very  small  quantity  of  phosphorus.  As  the  lymphocytes  of  the 
thymus  gland  of  the  calf  contain  only  one  nucleus,  in  which  the  mass  of 
the  nucleus  surpasses  that  of  the  cytoplasm,  it  is  natural  that  the  relative 
proportion  of  the  various  protein  substances  in  these  cells  cannot  be  taken 
as  a  standard  for  the  composition  of  other  cells  richer  in  cytoplasm. 

Complete  investigations  in  regard  to  the  distribution  of  protein  sub- 
stances in  the  protoplasm  and  nucleus  of  other  cells  have  not  been  made. 
If  we  consider  for  the  present  that  the  cells  rich  in  protoplasm  contain,  as 
a  rule,  only  very  little  true  proteid,  we  are  hardly  wrong  in  considering  it 
probable  that  the  protoplasm  contains  chiefly  nucleoalbumins  and  compound 
proteids  besides  traces  of  albumin  and  a  little  globulin.  These  compound 
proteids  are  in  certain  cases  glucoproteids,  but  otherwise  nucleoproteids, 
which  differ  from  the  nucleoproteids  of  the  nucleus  in  being  poorer  in 
phosphorus,  besides  containing  a  great  deal  of  proteid  and  only  less  of  the 
prostetic  group,  and  hence  have  no  specially  pronounced  acid  character. 

The  nucleoproteids  of  the  nucleus  are  on  the  contrary,  as  shown  by 
LiUFs^TFELD  and  KossEL,  rich  in  phosphorus  and  of  a  strongly  acid  charac- 
ter. These  nucleoproteids  will  be  treated  in  speaking  of  the  nucleic  acids 
of  the  nucleus. 

In  cases  in  which  the  protoplasm  is  surrounded  by  an  outer,  condensed 
layer  or  a  cell  membrane,  this  envelope  seems  to  consist  of  albumoid  sub- 
stances. In  a  few  cases  these  substances  seem  to  be  closely  related  to 
fla^tin;  in  other  cases,  on  the  contrar}%  they  seem  rather  to  belong  to  the 
keratin  group.  Even  in  cells  which  do  not  seem  to  have  any  visible  special 
Vei^  forming  boundaries,  we  still  admit  of  such  layers  on  account  of  the 
behavior  of  the  cells  as  regards  permeability. 

Xerxst  *  has  shown  by  a  special  experiment  that  the  permeability  of  a 
membrane  for  a  certain  substance  is  essentially  dependent  upon  the  sol- 
vent power  of  the  membrane  for  the  said  substance.     This  point,  which 
is  of  the  greatest  importance  in  the  study  of  osmotic  phenomena  in  living 
cells,  has  been  specially  investigated  by  Overton.^    The  behavior  of  the 
living   cells  towards   dyestuffs,  also    the    ready  introduction  into   animal 
and  plant  protoplasm   of  such  bodies  as  are  insoluble  or  only  slightly 
soluble  in  water  but  readily  soluble  in  fats   or   fat-like  bodies    has   led 
OvERTOx  to  conclude  that  the  protoplasm-boundary  layer  behaves  like  a 
substance  layer  whose  solvent  power  is  closely  related  to  the  fatty  oils. 
According  to  this  investigator,  the  protoplasm-boundary  layer  is  probably 

*  Zeitschr.  f.  physikal  Chem.,  6. 

'  Vierteljahrsschr.  d.  Naturf.  Ges.  in  Zurich,  44  (1899),  and  Overton,  Studien  iiber 
die  Xarkoee,  Jena,  1901. 
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impregnated  '.nth  lijx)ids,  Le.,  with  lecithins,  eholesterin,  and  bodies  similai 
to  protagon,  and  among  which  lecithin,  which  also  takes  up  water,  must 
be  of  the  greatest  importance. 

The  cholesterins  and  the  protagons  will  be  best  treated  in  another 
eonnection  (see  Chapters  WH  and  XJJ).  We  will  only  discuss  here  the 
lecithin  which  is  present  in  even'  celL 

Lecithins.  These  bodies  are  ester  compounds  *  of  glyceJx>phosphoric  acid 
substituted  by  two  fatty-acid  radicals  \*ith  a  base  called  choline.  Accord- 
ing Uj  the  kind  of  fatty  acid  contained  in  the  lecithin  molecule  it  is  passible 
tr>  have  various  lecithins,  such  as  steani-,  palmityl-,  and  oleyl-lecithins. 
According  to  Thudichum  '  two  different  fatty  acids  may  exist  simultane- 
ously in  one  lecithin,  and  according  to  him  ever>'  true  lecithin  always  con- 
tains at  least  one  oleic-acid  radical.'  All  lecithins  are  mono-nitrogenous 
monr>-phoephatides,  which  contain  1  atom  of  nitrogen  for  every  atom  of 
phosphorus.  As  an  example  of  a  lecithin  we  give  the  one  closely  studied 
by  Hoffe-Seyleb  and  Diacoxow,*  called  distearxHecithin,  C4«H^P0,= 

CH,-0— €„H»0 

CH  -O-C„H»0 

CH,— Ov 

hcApo. 
nAch,), 

On  saponification  with  alkalies  or  barj'ta-water  lecithin  yields  fatty 
acids,  glycerr^phosphoric  acid,  and  choline.  It  is  only  slowly  decomposed 
by  dilute  acids.  Besides  small  quantities  of  glycerophosphoric  acid  (per- 
haps also  distear}' Iglycerophosphoric  acid)  we  have  large  quantities  of  free 

phosphoric  acid  split  off. 

CHj.OH 

Glycerophosphoric  acid,  C,HJ*0,  -CH.OH  ,  is  a  bibasic  acid  which  proba- 

CH,— Ov 
OH-^ 

bly  only  occurs  in  the  animal  fluids  and  tissues  as  a  cleavage  product  of  lecithins. 

>.CH,.CH,(OH) 
Choline  (trimethyloxyethylammonium  hydroxide), CjH.jNO,  —  X—  (CHj),, 

\0H 
which  occurs  extensively  in  the  plant  kingdom,  is  not  identical  \^nth  the  base, 
NEURiN,  prepared    by  Liebreich  as  a  decomposition  product  from  the  brain, 

*  Strccker,  Annal.  d.  Chem.  u.  Pharm.,  148;  Uundeshagen,  Joum.  f.  prakt.  Chem. 
(N.  F.),  28;  Gilson,  Zeitschr.  f.  physiol.X:hem.,  12. 

'J.  L.  W.  Thudichum,  Die  chemische  Konstitution  des  Gehims  des  Menschen,  eta 
Tubingen,  1901. 

'See  Henriques  and  Hansen,  Skan.  Arch.  f.  Physiol.,  14. 

*  Hoppe^yler,  Med.  chem,  Untenuch.,  Heft  2  and  \ 
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ibich  is  oonsidereil  as  trimethylvinylammonium  hxdroxide,  CjH„NO.  Choline 
is&sirupy  fluid  readily  miscible  with  absolute  alcohol.  Hydrochloric  acid  gives  a 
combination  which  is  very  soluble  in  water  and  alcohol,  but  insoluble  in  ether, 
chloroform,  and  benzene.  This  compound  forms  a  double  combination  with  plati- 
num chloride  which  is  soluble  in  water,  insoluble  in  absolute  alcohol  and  ether, 
crystallizing  ordinarily  in  six-sided  orange-colored  plates.  This  combination  is 
used  in  the  detection  and  identification  of  this  base.  Choline  also  forms  a  tr\'s- 
talline  double  combination  with  mercuric  chloride  and  with  gold  chloride.*  On 
heating  the  free  base  it  decomposes  into  trimethylamine,  ethylene  oxide,  and 
water. 

Lecithin  occurs,  as  Hoppe-Seyler  *  has  especially  shown,  widely  diflfused 
in  the  vegetable  and  animal  kingdoms.     According  to  this  investigator,  it 
occurs  also  in  many  cases  in  loose  combination  with  other  bodies,  such  as 
proteids,  haemoglobin,  and  others.     Lecithin,  according  to  Hoppe-Seyler, 
is  found  in  nearly  all  animal  and  vegetable  cells  thus  far  studied,  and  also 
in  nearly  all  animal  fluids.    It  is  especially  abundant  in  the  brain,  ner\'es, 
fish-eggs,  yolk  of  the  egg,  electrical  organs  of  the  Torpedo  deciricus,  semen, 
and  pus,  and  also  in  the  muscles  and  blood-corpuscles,  blood-plasma,  lymph, 
milk,  especially  womb's  milk,  and  bile.    Lecithin  is  also  found  in  differ- 
ent pathological  tissues  or  liquids. 

This  wide  distribution  of  the  lecithins,  as  also  the  fact  that  it  is  a 
primary  cell  constituent,  gives  great  physiological  importance  to  these 
substances.  We  have  in  lecithin,  no  doubt,  a  very  important  material  for 
the  building  up  of  the  complicated  phosphorized  nuclein  substances  of  the 
cell  and  cell  nucleus.  That  the  lecithins  are  of  great  importance  in  the 
development  and  growth  of  living  organisms,  in  fact  for  the  bioplastic 
processes  in  general,  follows  also  from  several  investigations.' 

Lecithin  may  be  obtained  in  grains  or  w-arty  masses  composed  of  small 
crj'stalline  plates  by  strongly  cooling  its  solution  in  strong  alcohol.  In  the 
dry  state  it  has  a  w^axy  appearance,  is  plastic  and  soluble  in  alcohol,  espe- 
cially on  heating  (to  40-50°  C.) ;  it  is  less  soluble  in  ether.  It  is  dissolved 
also  by  chloroform,  carbon  disulphide,  benzene,  and  fatty  oils.  The  solu- 
tion of  lecithin  in  alcohol-ether  or  chloroform  is  precipitated  by  acetone. 
It  .swells  in  w^ater  to  a  pasty  mass  which  shows  under  the  microscope  slimy, 
oily  drops  and  threads,  so-called  myelin  forms  (see  Chapter  XII).  On 
warming  this  swollen  mass  or  the  concentrated  alcoholic  solution,  decom- 
position takes  place  with  the  production  of  a  brown  color.  On  allowing  the 
solution  or  the  swollen  mass  to  stand,  decomposition  takes  place  and  the 
reaction  becomes  acid. 

*  In  regard  to  choline  and  its  compounds  see  Gulewitsch,  Zeitschr.  f.  physiol. 
Chem.,24. 

'  Physiol.  Chemie.     Berlin,  1877-1881,  57. 

•See  Stoklasa,  Ber.  d.  deutsch.  chem.  Gesellsch.,  29;  Wiener  Sitzungsber ,  104; 
Zeitschr.  f.  phvsiol.  Chem.,  25;  and  W.  Danielewsky,  Comp.  rend.,  121  and  123,  and 
W.  Koch,  Zeitschr.  f.  physiol.  Chem.,  37. 
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With  considerable  M^ater,  lecithin  gives  an  emulsion  or  indeed  a  filter- 
r^ble  colloidal  sohition,  which  is  precipitated  by  salts  with  divalent  cations, 
:0uch  as  Ca,  Mg,  and  others  (W.  Koch).    This  precipitate  dissolves  agaii^ 
in  water  after  the  removal  from  the  solution  of  the  electmlytes,  and  th© 
formation  of  this  precijjitate  can  be  prevented  by  the  presence  of  salts  o^ 
moiiovaknit  cations. 

We  are  here  not  dealing  with  a  chemical  but  rather  a  physical  pr&^ 
cipitation  reaction  (KorH  *).  In  putrefaction  lecithin  yields  plycerophoF— 
phoric  aeiii  and  choline;  the  latter  further  decomposes  with  the  forma- 
tion of  niethylamine,  ammonia,  carbon  dioxide,  and  marsh-gas  (Hase— 
TiROKK  ^).  If  dry  lecithin  l>e  heated  it  decomposes,  takes  fire  and  burns ^ 
leaving  a  phosphorizcd  ash.  On  fusing  with  caustic  alkali  and  saltpeter- 
it  yields  alkali  phosphates.  Let*ithin  is  easil}'  carried  down  during  the 
precipitation  of  other  compounds  such  as  the  proteid  bodies,  and  may 
therefore  very  greatly  change  the  sohibilities  of  the  latter. 

LecitWn  combines  with  acids  and  bases.  The  combination  w  ith  hydro- 
ehloric  acid  gives  with  platinum  chloride  a  double  salt  which  is  insoluble 
in  alcohol,  s^iluble  iu  ether ^  and  which  contains  10.2  per  cent  platinum 
(for  distearjdlecithin).  The  cadniium-cliloride  compound  which  contains  3 
moleculci^  of  lecithin  and  4  molecules  of  cadmium  chloride  (Ulpiam  ') 
is  difficultly  soluble  in  alcohol,  but  dissolves  in  a  mixture  of  carbon  disul- 
phide  and  ether  or  alcohol. 

It  may  l>e  prepared  tolerably  pure  from  the  yolk  of  the  hen's  egg  by  the 
follriwing  n^ethods,  as  suggested  by  Hoppe-Seyler  and  DiAcnxow'*  The 
yolk,  dcprivtxl  of  proteid,  is  extracted  with  cold  ether  until  all  the  yellow 
color  is  remove^I.  Then  the  residue  is  extracteil  ^\ith  alcolm!  at  5CMjO*^  C, 
After  the  evaporation  o(  the  aleohf>lic  extract  at  50-t>()°  C*.,  the  sinipy 
matter  is  treated  I  with  ether  mid  the  insolul>le  residue  dissolvetl  in  as  little 
alcohol  iis  possible.  Oj(  ctjoling  this  filteretl  alcoliolic  s^dution  to  —ff  to 
—  10*^  C.  the  kH'ithin  gradually  separates  in  small  gratmk*s.  The  ether» 
however,  contains  considerable  of  the  Iwithin.  The  ether  is  distilled  off 
and  the  residue  dissolve<l  iu  chloroform  autl  the  lecitlun  precipitatetl  from 
this  solution  l)y  means  of  acetone  (At.tmanx), 

A  'Cording  U}  Gn^sox,^  a  new  portion  of  lecithin  may  be  ol>taine<l  from 
the  ether  used  in  extracting  the  yolk  by  dissolving  the  residue  after  the 
evaporation  of  the  ether  iu  petroleum  ether  and  tlien  shaking  this  solu- 
tion with  alcohoL  The  petroleum-ether  takes  the  fat,  while  the  lecithin 
remains  dissolverl  in  the  alcohol  and  may  be  obtaininl  therefrom  rather 
easily  hy  using  the  proper  precautious,  as  destnibed  in  the  original  publi- 
ration. 

*  Zeitscbf,  f.  physioL  Chem.,  37, 

»  Cbem,  Centralbl..  IDOl.  II.  30  and  193, 

*Altraann,  cited  from  IToppe-Seyler'Thierfdder'a  Handbuch,  7.  AviOage;  GilBoo, 
ftnd. 
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ZuELZER  's  method  is  based  upon  the  precipitability  of  the  lecithin  by 
Metone,  and  Bergell's*  method  upon  the  preparation  of  the  double 
salt  of  cadmium  and  its  decomposition  by  ammonium  carbonate.  The 
preparations  obtained  by  the  different  methods  consists  generally  of  a 
mixture  of  lecithins. 

The  detection  and  the  quantitative  estimation  of  lecithin  in  animal 
fluids  or  tissues  is  based  on  the  solubility  of  the  lecithin  (at  50-60°  C.)  in 
alcohol-ether,  by  which  the  phosphoric  acid  or  glycerophosphoric  acid 
salts  which  may  be  present  at  the  same  time  are  not  dissolved.  The 
alcohol-ether  extract  is  evaporated,  the  residue  dried  and  fused  with  sods 
and  saltpeter.  Phosphoric  acid  is  formed  from  the  lecithin,  and  it  can  be 
used  in  the  detection  and  quantitative  estimation.  The  distearyllecithin 
yields  8.798  per  cent  PjOj.  This  method  is,  however,  not  exactly  correct, 
for  it  is  possible  that  other  phosphorized  organic  combinations,  such  a^ 
jecorin  (see  Chapter  VIII)  and  protagon  (Chapter  XII)  may  have  passed 
into  the  alcohol-ether  extract.  In  detecting  lecithin  the  double  combina- 
tion of  choline  and  platinum  must  also  be  prepared.  The  residue  of  the 
evaporated  alcohol-ether  extract  may  be  boiled  for  an  hour  with  baryta- 
water,  filtered,  the  excess  of  barium  precipitated  with  CO,,  and  filtered 
while  hot.  The  filtrate  is  concentrated  to  a  sirupy  consistency,  extracted 
with  absolute  alcohol,  and  the  filtrate  precipitated  with  an  alcoholic  solu- 
tion of  platinum  chloride.  The  precipitate  after  filtration  may  be  dissolved 
in  water  and  allowed  to  crystallize  over  sulphuric  acid. 

ProtagonSf  which  are  found  in  the  leucocytes  and  pus-cells,  are  also  to 
be  considered  as  a  constituent  of  protoplasm.  These  phosphorized  bodies 
occur  principally  in  the  brain  and  nerves,  and  hence  will  be  described  in  a 
following  chapter  (XII). 

Glycogen,  first  discovered  by  Cl.  Bernard,  is  found  in  developing 
animal  cells  and  especially  in  developing  embryonic  tissues.  According 
to  Hoppe-Seyler  it  seems  to  be  a  never-failing  constituent  of  the  celb 
which  show  amoeboid  movement,  and  he  found  this  carbohydrate  in  the 
leucocytes,  but  not  in  the  developed  motionless  pus-corpuscles.  Salomon 
and  afterwards  others  have,  however,  found  glycogen  in  pus.^  From  the 
relationship  which  seems  to  exist  between  glycogen  and  muscular  work  (see 
Chapter  XI),  it  is  presumable  that  a  consumption  of  glycogen  takes  place 
in  the  movement  of  animal  protoplasm.  On  the  other  hand,  the  extensive 
occurrence  of  glycogen  in  cmbr\'onic  tissues,  as  also  its  occurrence  in  patho- 
logical tumors  and  in  abundant  cell  formation,  speaks  for  the  importance 
of  this  body  in  the  formation  and  development  of  the  cell. 

In  adult  animals  glycogen  occurs  as  storeil  foodstuff  in  the  muscles  and 
certain  other  organs,  but  principally  in  the  liver;  therefore  it  will  be  com- 
pletely described  in  connection  with  this  organ  (Chapter  VIII). 

Another  body,  or  perhaps  more  correctly  a  group  of  bodies  which  occur 

»  Zuelzer,  Zeitschr.  f.  physiol.  Chem.,  27,  and  Bergcll,  Ber.  d.  d.  chem.  Gesellsch.,  33. 
'  In  regard  to  the  literature  on  glycogen  see  Chap.  Vlll. 
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widely  distribtited  in  the  animal  and  vegetable  kingdoms,  and  which  are 
present  regularly  in  the  t»ells,  are  the  cholesterins.     The  best-known  repr^" 
fientative  of  this  group  is  ordinarj'  cholestcrln  (see  Chapter  ^'1II),  which  i^ 
the  chief  constituent  of  certain  biliar}'  calculi  and  exists  in  abundant  quar» ' 
litie.s  in  the  brain  and  ner\-es.     It  is  hardly  admLsj^ible  that  this  body  Is  c^^ 
direct  importance  for  the  life  and  development  of  the  cclL     It  must  If^ 
considered  that  the  cholesterin,  as  accepted  by  Hoppe-Seyler/  is  a  clcavag"^^ 
product  appearhig  in  the  cell  during  the  processes  of  life,  but  this  does  no  "^ 
exclude  the  possibility  that  the  cholesterin,  as  a  constituent  of  the  lipoids  o^ 
the  protoplasm-boundar>^  layers  (Overton)  ,  may  be  of  indirect  irai>ortanc^  i 
in  cell-life.     According  to  Hoppe-Sevler  the  same  is  true  for  the  fats^ 
which  do  not  occur  constantly  in  the  cells  and  have  nothing  to  do  in  the 
ordmar}^  processes  of  life.    Tliere  is  no  doubt  that  cholesterin  exists  as  a 
constituent  of  the  protoplasm,  but  its  existence  in  the  nucleus  is  question- 
able,     Tlie    intraccUular   cnzi/mcs    are   undoubtedly    constituents    of    the 
protoplasm  as  well  as  the  nucleus  and  must  be  of  the  greatest  importance 
for  the  life  and  functions  of  the  cells. 

The  cell  oucleus  has  a  ratlier  comi>!ex  stmcture.  It  consists  in  part  of 
fibrlles  wluch  form  a  net\\'ork  and  another  part  which  is  less  solid  and 
homogeneous,  Tlie  first  differs  from  tlie  second  in  iwssessing  a  stronger 
affinity  for  many  dyes.  On  account  of  tins  iK^havior  the  first  is  called  the 
chromatic  substance  or  ckrofnatirif  and  the  other  the  achromatic  substance 
or  achromattn. 

The  homogeneous  suhstance  of  the  nucleus  is  considered  as  a  mixture 
of  proteid.  The  network  seems  to  contain  the  more  speeific  constituent 
of  the  nucleus,  nameU%  the  nucleln  substances.  Besides  this  it  is  alleged 
to  contain  another  substance  also,  plastin.  Tliis  last  is  less  soluble  than 
the  nuclein  substances  and  does  not  have  the  projierty,  Uke  them,  of  fixing 
dyes. 

The  chief  constituents  of  the  cell  nucleus  are  the  nucleoproteida 
and  in  certain  cases  the  nucleic  acids, 

Nucleoproteids.  Tlie  most  imixtrtant  of  these  bodies  have  already 
been  discussed  in  a  previous  chapter  (11^  page  56).  These  bodies  are 
strong  or  loose  combinations  of  nucleic  acids  mth  proteid.  To  the  latter 
belongs  histon  in  certain  cases ^  and  the  compounds  between  nucleic  acids 
Bud  protamins  should  also  perhaps  be  called  nucleoproteids.  Tliere  is  a 
difference  among  the  nucleoproteids  dependent  on  the  various  protrid 
complexes  as  well  as  upon  the  nucleic  acids.  They  contain  generally  con- 
siderable proteid  in  the  molecule,  hence  they  give  the  ordinary'  pmteid 
reactions,  and  therefore  are  closely  relat^il  to  the  proteid  bt>dies.  The 
nucloproteids  occurring  in  the  cell  nucleus  seem  to  be  characterized  by 
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containing  a  relative  large  amount  of  phosphorus  and  a  pronounced  acid 
character. 

In  the  preceding  discussion  of  the  nucleoproteids  attention  was  called  to 
the  fact  that,  on  their  modification  by  heat,  by  weak  acid  action,  and  by 
peptic  digestion,  proteid  is  split  off  and  a  nucleoproteid  richer  in  phosphorus 
i)  formed.  These  compound  proteids,  rich  in  nucleic  acid,  obtained  by 
peptic  digestion  from  cells,  cell-rich  organs,  or  nucleoproteids  have  been 
called  nuclein  (Miescher,  Hoppe-Seyler  ^  or  true  nucleias.  But  as  the 
true  nuclein  seems  to  be  nothing  but  a  modified  nucleoproteid  poor  in  pro- 
teid, it  seems  unnecessary  to  give  the  name  nuclein  thereto.  On  the  other 
hand,  the  nuclcins  have  other  properties  than  the  nucleoproteids,  and  as 
the  nucleins  bear  the  same  relationship  to  the  nucleoproteids  that  the 
pseudonuclein  does  to  the  nucleoalbumins,  we  will  give  here  a  short  de- 
scription of  the  nucleins  as  well  as  the  pseudo-  or  para-nucleins. 

Nucleins  or  true  nucleins  are  formed,  as  above  stated,  from  nucleopro- 
teids in  their  peptic  digestion  or  by  treatment  with  dilute  acids.     It  must 
be  remarked  that  the  nucleins  are  not  entirely  resistant  towards  gastric 
juice  and  also  that  at  least  one   nucleoproteid,  namely,  the  one  obtained 
from  the  pancreas,  completely  dissolves,  leaving  no  nuclein  residue  on 
treatment  with  gastric  juice  (Umber,  Milroy  ').    The  nuclcins  are  rich 
in  phosphorus  containing  in  the  neighborhood  of  5  per  cent.     According  to 
LiEBERM.\XN '  metaphosphoric  acid  can  be  split  off  from  true  nucleins  (yeast 
nuclein).     The  nucleins  are  decomposed  into  proteid  and  nucleic  acid  by 
caustic  alkali,  and  as  different  nucleic  acids  exist,  so  also  there  exLst  differ- 
ent nucleins.     As  previously  stated,  proteids  may  be  precipitated  in  acid 
solutions  by  nucleic  acids,  and  in  this  way,  as  shown  by  Milroy,  combina- 
tions of  nucleic  acid  and  proteids  may  be  prepared  which  behave  quite 
similar  to   true  nucleins.     All  nucleins  yield  so-called  nuclein  bases  on 
lx>iling  with  dilute  acids.     The  nucleins  contain  iron  to  a  considerable 
extent.     They  act  like  rather  strong  acids. 

The  nucleins  are  colorless,  amorphous,  insoluble,  or  only  slightly  soluble 
in  water.  They  are  insoluble  in  alcohol  and  ether.  They  are  more  or  less 
readily  dissolved  by  dilute  alkalies.  The  nucleins  give  the  biuret  test  and 
^IiLLOx's  reaction.  They  show  a  great  affinity  for  many  dyes,  especially 
the  basic  ones,  and  take  these  up  with  avidity  from  water}'  or  alcoholic  solu- 
tions. On  burning  they  yield  an  acid  residue  which  is  veri'  difficult  to 
incinerate  and  which  contains  metaphovsphoric  acid.  On  fusion  with  salt- 
peter and  soda  the  nucleins  yield  alkali  phosphates. 

To  prepare  nucleins  from  cells  or  tissues,  first  remove  the  chief  mass  of 
proteids  by  artificial  digestion  with  pepsin-hydroeholric  acid,  Uxiviate  the 

'  Hoppe-Seyler,  Med.  chem.  Untersuch.,  452. 

'Umber,  Zeitschr.  f.  klin.  Mod.,  43;  Milroy,  Zeitschr.  f.  physiol.  Chem.,  22. 

•Pfliiger's  Arch.,47. 
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residue  with  very  dilute  ammonia,  filter,  and  precipitate  with  hydrochloric 
acid.    The  precipitate  Is  further  cUgcsted  with  gastric  juice,  washed  and 
puriBed    by    alternately    dissolving    in    \'ery    faintly    alkaline   water   and 
reprecipitating  with  an  aeid,  washing  with  water,  and  treating  with  alcohoV 
ether.     A  nuclein  may  be  prepared  mure  sinii>k   b\'   the  digestion  of   ^ 
nucleopmteid.      In  the  detection  of  nucleins  we  make  use  of  the  abov^^ 
described  method  and  testing  for  phosphonia  in  the  pmdiiet  after  fiisin^ 
with  saltpeter  and  soda.     Naturally  the  phosphates »  lecithins  (and  jerurin^ 
must  first  be  remo%*ed  by  treatment  with  aciti,  alcohoh  and  ether,  respec — 
tively.      We  must  specially  call  attentitin  to  the  fact,  as  shown  by  Lieber— 
M.\>rN/  of  the  ver>'  great  difficulty  in  removing  lecithin  by  means  of  alcohol- 
ether.    No  exact  methods  are  known  for  the  quantitative  estimation  oC 
nucleins  in  organs  or  tissues. 

Pseud oEmcleins  or  Paranucleixs.  These  bodies  are  obtained  as  an 
insoluble  residue  on  the  digestion  of  certain  nucleoalbumins  or  phosphoglu- 
copmteifls  with  pepsin-hydmehloric  acid.  Attention  is  called  to  the  fact 
that  the  pseudonuclein  may  l:>e  dissolved  by  the  presence  of  too  mucli  acid 
or  by  a  tc^o  energetic  peptic  digestion.  If  tlie  relationship  between  the 
degtee  of  acidity  and  the  quantity  of  substance  is  not  prnperly  selected, 
the  formation  of  pseudonueleins  may  be  entirely  overlooked  in  the  digestion 
of  certain  nueleoalbumuis.  Pseudonueleins  contain  phosphorus,  which, 
as  shown  by  Lieberaiann,^  is  split  off  as  metaphosphoric  acid  by  mineral 
acids. 

The  pseudonueleins  are  amoqihous  bodies  insoluble  in  water,  alcohol, 
and  ether,  but  readily  soluble  in  dilute  alkalies.  They  are  not  soluble  in 
ver>^  dilute  acids,  and  may  be  ]irecipitated  from  their  solution  in  dilute 
alkalies  by  addling  aci<h  They  give  the  protcid  reactions  very  strongly,  but 
do  not  yield  nuclein  bases. 

In  preparing  a  pseudonuclein,  tEssolve  the  mother-substance  in  hydro- 
i;hloric  acid  of  1-2  p,  m.,  filter  if  necessary,  arid  jiepsin  solutioUt  and  allow 
the  mixture  to  stand  at  the  teraijerature  of  t  he  Ixnly  for  about  twenty- 
four  hour^.  The  ]>reci|)itate  is  filtered  off,  washed  with  water,  antl  purifieti 
by  alternately  dissolving  in  very  faintly  alkaline  water  and  rei>reeipitating 
with  acid. 

Plastin,  After  the  extraction  of  the  nucleins  from  cell  nuclei  of  re^tain  plants 
in  dilute  sodtt  Bulutioti,  a  rciiidue  la  ubtauievi  whiih  is  charact^TJzed  by  its  great 
in9f>lubilily.  The  substance  which  forms  this  residue  hiis  1>ppii  called  pla^tiu. 
This  suhslaoce,  of  which  the  siioiip;iof)lasm  of  the  body  of  the  cell  uud  the  nucleus 
grauulea  are  alleged  to  be  cornj)osedj  is  coup; itle red  as  a  nuclein  niodih cation  of 
great  insolubility,  although  its  nature  is  not  known. 

Nucleic  Acids.  All  nucleic  acids  are  rich  in  phosphorus  and  yield  phos- 
phoric acid  and  nuclein  bases  as  cleavage  products,  The  various  nucleic 
acids  are  nevertheless  \Try  difTerent  in  regard  to  the  products  they  yield* 


*  Pfl Oder's  Arch.,  47. 

*  Bcr.  d.  d.  chem.  Gcsdlsch.,  21,  and  Ccntralbl.  f,  d.  mcd.  Wissenscki  1889* 
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The  nucleic  acid  from  ox-spemi  yields,  according  to  Kossel,  chiefly 
janthine,  the  guanylic  acid  from  the  pancreas,  according  to  Bang,  chiefly 
psnine,  the  thymonucleic  acids  and  the  vegetable  nucleic  acids,  on 
the  fonlrary\  guanine  and  adenine  (Kossel,  Nkumaxn,  Schmiedeberg, 
Osborne,  and  others).  In  the  vegetable  nucleic  acids^  as  far  as  we  know, 
tlie  pyTtmidine  group  is  only  represented  by  cytosin  anfl  uracil  (K<is8EL, 
Astou.  Kossel  and  Steudel,  OsnoKXE  and  IIahhis)  in  the  thymonucleic 
acids  by  cytosin,  thymin,  and  uracil  (Kossel,  Neual^x,  Levene).* 
Guanylic  acid  contains  neither  uracil,  thj^iin,  nor  cytosin. 

The  nucleic  acids  show  a  different  conipositiun  also  in  other  regards. 
A  pentose  group  can  be  ^lit  off  from  guanylic  acid  anti  the  vegetable 
nucleic  acids  (the  tritico-  antl  yeast  nucleic  acid),  while  from  the  yeast 
niifkic  acid  also  a  hexose  is  claimed  to  be  obtainetl.  No  carboh^'drate 
has,  oil  the  con trar>%  been  split  off  from  the  thymonucleic  acids.  Only 
on  deep  cleavage  have  Kosskl  and  Neumaxx  been  able  to  obtain  levulinic 
acid  frutn  the  nucleic  acirl  v(  the  thymus  glands,  showing  that  they  contain 
a  carbohydrate  group. 

We  generally  admit  of  4  atoms  of  phosphorus  in  the  empirical  formulae 
of  the  various  nucleic  acitis.  In  thymonucleic  acid  the  relationship  of 
phosphorus  to  nitrogen  is  as  4  to  14,  in  triticonucleic  acid,  4  to  IG,  and  in 
guanylic  acid,  4  to  20,  The  form  of  combination  of  the  i>hosphoras  is  not 
hown  with  positiveness,  but  it  seems  at  least  that  guanylic  and  tritico- 
nucleic acids  are  derivatives  of  a  pentahydroxylphosphoric  acid,  P(OII)^. 

All  nucleic  acids  are  amorphous,  white,  and  have  an  acid  reaction. 
They  are  readily  soluble  in  anuTioniacal  or  alkaline  water  and  form  insoluble 
^aalts  with  the  heavy  metals,  and  as  a  rule  also  insoluble  basic  salts  with  the 
ae  earths.  GuanyHc  acid  is  soluble  with  difficulty  in  cold  water  but 
'  readily  in  boiling  water,  from  which  it  separates  on  cooling.  Guanylic 
acid  is  readily  precipitate^l  from  its  alkaU  combination  by  an  excess  of 
acetic  acid.  The  other  nucleic  acids  are,  on  the  contrar}^  not  precipitated 
from  such  combinations  by  an  excess  of  acetic  acid,  but  by  a  slight  excess 
of  hydrochloric  acid^  especially  in  the  presence  of  alcohoL  In  acid  solu- 
tions these  latter  nucleic  acids  give  precipitates  vvitli  proteids^  which  are 
considered  as  nucleins.  The  behavior  of  guanylic  acid  in  this  regard  has 
not  been  shown  on  account  of  the  great  difficulty  in  dissolving  this  acid  in 

*  The  works  of  KcksscI  and  his  pupils  on  nucleic  acids  are  found  in  Du  Bois-Rey- 
moodV  Arch,,  1802,  1S03,  and  ISOl;  .Sitzungsbcn  d.  Berl.  Akad,  U,  Wi:^sensch.,  IH, 
imi;  Ccntralbl.  f.  d.  med.  Wi&sensch.  i803;  Ikr.  d,  detit^ii.  chera.  GeHolbeh.,  2<i 
and  27;  Zeitscbr.  f,  physsiol.  Chein.,  2*2  and  3S;  see  also  Xeiimann,  Arch.  f.  (Anat.  u.) 
Physiol,  1898  and  lS99,Supplb.;  Mif^cher,  Hoppc-Seylcr's  Med,  diem.  Untersucli.,  Ml, 
nd  Arch.  T  expt.  Path.  u.  Pbunn.,  37;  Schniiedeberp:,  thU!.,  37  and  43;  Osborne  and 
is»  Zeitechr.  T  physiol.  Chem.,  Z^*\  Bang,  thuL,  2r>and  *ii,  and  Bioohem.  Centralbl., 
I  295;  Altmann,  Arch,  f  (Annt.  u)  Physiol,  1S99;  Asooll,  Zeitschr  f.  physioL  Chem,, 
\  and  21 ;  Levene,  ibui.,  S2,  38,  and  Z% 
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dilute  acids.    All  nucleic  acids  are  insoluble  in  alcohol  and  ether.  Tb^ 
do  not  give  cither  the  biuret  t4?st  or  I^Iillox  's  reaction. 

Thymonucleic  Acids.^    To  this  group  belong  two  closely  related  acids 
found  in  tlie  thymus  gland  (Neui^lann).      The  nucleic  acid  in  the  salmon 
sperm  (salnionucleic  acid)  seems  to  be  identical  \\ith  one  of   the  nucleic 
acids  of  the  tliymus  gland  (Schmiedeberg,  Herlant).      The  acids  pre- 
pared by  Le%t:ne  from  the  pancreas,  s^pleen,  and  spermatozoa  of  the  codfish 
seem  to  be  identical,  or  at  least  closely  related  to  these.     The  nucleic  aciJ3 
of  the  sperm  of  the  sturgeon  (Noll),  herring  {Mathews,  Gulewitsch),  ancl 
sea-urchin  (Mathews)^  also  probably  belong  to  this  group. 

The  salmonueleic   acid   and   the   tlwmusnucknc   acid   as  obtained  hy 
ScHMiEDEBEKcrs  method  have  the  same  composition,  C45H^Nj/')j^*2PjO^ 
On  heating  the  free  acid  with  water  at  the  water-bath  tenifjerature  thexe  ha^ 
been  si>lit  off  lif^sides  adenitie  and  guanine  a  new  acid,  //n/m/c  acid,  wliiel* 
is  readily  suhiblc  in  water  and  which  yields  a  barium  salt  which  is  also 
soluble  in  water,  CiJia^N^PjOijBa  (Kossel  and  Neumann)*       On  hydro- 
lytic  cleava:j:e  with  sulphuric  aci<l  Kossel  and   Neuma^'x  obtained   phos- 
phoric acid  {about  23  per  cent  P^O^)^  thyniin  (8  per  cent),  levulinic   acid, 
eytosin,  ammonia,  guanine,  and  adenine  from  thymusnucleic  acid. 

GuanyHc  Acid.  This  acid,  which  thus  far  has  only  been  obtained  from 
the  pancreas,  has,  according  to  Bang,  the  composition  C^^H^N^^^P^Os^.  It 
is  rea«1ily  soluble  in  warm  w^ater,  but  partially  separates  out  on  cooling. 
It  is  considered  as  an  ester  of  a  glycerophosphoric  acid  and  decomposes 
on  hydrolytic  cleavage  with  acids,  according  to  Bang,  into  4  molecules 
of  guanine,  3  molecules  of  pentose  (l-x)dose  according  to  Neuberg),  3 
moleeidcs  of  glycerine,  and  4  molecules  of  phosphoric  acid. 

According  to  the  more  recent  investigations  of  Bang  and  Raaschou  * 
the  guanylie  acid  wtuch  B.ang  now  designates  as  ^-acid  is  formed,  in  tlie 
preparation  from  another  acid  called  a-guanylic  acid,  by  the  action  of 
the  alkali.  The  a-gnan}iic  acid,  which  is  readily  soluble  in  water,  even 
in  cold  water,  contains  less  phosphonis  and  nitrogen  {6.65  and  15.38  per 
cent  resjiectively)  as  compared  ia  the  ^9-acid,  which  contains  7.64  per  cent 
phosphorus  antl  18.21  jier  cent  nitrogen.  By  the  action  of  alkalies  the 
a-guanylic  acid  splits  off  a  pentose  group  and  is  converted  into  the  ,3~acid. 

The  following  acid  is  also  generally  includetl  among  t!ie  nucleic  acids: 

Inosiiiic  acid|  Cj^HisN^POj,  was  first  isolated  by  Liebio  from  the  flesh  of 
certain  aiiimiils  and  then  closely  studied  by  Haisf.r.*  It  contains  phosjihnriis, 
b  amorphous,  and  gives  crystalline  salts  with  barium   and   calcium,      Haiser 


'  This  name  will  be  used  as  a  group  name  for  all  nucleic  acids  closelj^  related  to 
the  thynitisjnucleic  acids. 

'  Ilerlant,  Arch,  f,  expt.  Path.  u.  Pharm.,  44;  Noll,  Zeitscbr.  f  physiol.  Chem.,  2^; 
Mathews,  ibid,,  23;  Gulcwitsch,  ibitl,  27. 

*  iiof meister 's  Bcitrage,  4. 

•  Lkbig,  Aunal,  d.  Chem,  u.  Pharm.,  62;  F.  Haiser,  Monatfihefte  f.  Cheni.^  16» 
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obtained  hvpoxanthine  as  a  cleavage  product  and  probably  also  trioxyvalerianic 
arid,  though  it  has  not  been  positively  proven. 

The  thymusnucleic  acids  may  be  prepared  as  the  copper  salt,  according 
toScHMiEDEBERG,  from  the  heads  of  the  salmon  spermatozoa  or  from  the 
residue  after  the  peptic  digestion  of  the  thymus  glands  (Herlant).  The 
protamins  are  removed  by  the  action  of  copper  chloride  and  the  last  traces 
of  proteid  removed  by  dissolving  the  residue  in  dilute  caustic  potash  and 
precipitating  this  solution  with  alcohol,  and  this  is  repeated  until  it  fails  to 
give  the  biuret  test.  The  copper  salt  can  be  precipitated  by  copper  chloride 
•  from  the  watery  solution  of  the  potassium  nucleate  after  acidification  with 
acetic  acid.  According  to  Neumann  the  two  thymusnucleic  acids,  «  and  /?, 
can  be  obtained  from  the  gland,  after  previously  boiling  the  same  with 
water  containing  acetic  acid  and  then  cutting  it  up  fine.  The  finely 
divided  gland  is  boiled  with  alkaline  water  (about  3  per  cent  NaOH)  for 
one-half  hour  for  acid  a  and  two  hours  for  acid  ji,  and  sodium  acetate  added 
at  the  same  time.  After  neutralization  with  acetic  acid,  filter,  concentrate, 
and  precipitate  with  alcohol.  The  nucleic  acids  can  be  obtained  from 
the  precipitated  sodium  salts  of  the  nucleic  acid  by  precipitating  with 
alcohol  containing  hydrochloric  acid.  Levene's  ^  method  consists,  on 
the  contrary,  in  treating  the  organs  first  with  5  per  cent  sodium  hydrate 
or  mh  8  per  cent  ammonia  in  the  cold,  then  nearly  neutralizing  with 
acetic  acid,  precipitating  the  proteids  with  picric  acid,  and  treating  the 
strongly  acidified  liquid  (acetic  acid)  with  fiJcohol.  In  the  presence  of 
sufficient  acetate  the  nucleic  acids  are  precipitated. 

Guanylic  acid  may  be  best  prepared  according  to  Bang  and  Raaschou 
hy  the  following  method:  After  treating  the  pancreas  with  1  per  cent 
sodium  hydrate  solution  for  twenty-four  hours  at  the  room  temperature 
it  is  dissolved  by  warming,  then  neutralized  by  acetic  acid  and  made  faintly 
acifl,  filtereil,  made  faintly  alkaline  with  ammonia,  strongly  concentrated, 
and  precipitated  with  alcohol  while  hot.  Tlie  proteoses  remain  in  solu- 
tion and  the  precipitated  guanylic  acid  (a-acid)  is  purified  by  repeated 
solution  in  wat<jr  and  precipitation  by  alcohol. 

Plant  Nucleic  Acids.  Those  best  known  are  the  yeast  nucleic  acid  and  the  tri- 
ticonucleic  acid,  C.iHjiNigP^Oj,,  isolated  by  Osborne  and  Harris  from  the  wheat 
embryo,  and  whim  according  to  these  investigators  is  identical  with  the  yeast 
nucleic  acid.  The  plant  nucleic  acids  are  nearly  related  to  the  thymonucloic  acids, 
but  differ  from  them  not  only  by  the  presen(;e  of  the  jxjntose  groups,  but  also  by 
the  fact  that  in  the  thymonucleic  acids  the  pyrimidine  groui)s  are  represented  by 
uni'il.  cytosin,  and  thymin,  and  in  the  triticnnucleic  acid  by  cytosin  and  uracil. 

This  last  acid,  which  is  dextrorotatory,  yields  on  hydrolysis  with  acid  1  molecule 
of  guanine,  1  niolecule  of  adenine  and  cytosin  (Wheeler  and  Johnson'),  2  mole- 
cules of  uracil,  and  3  molecules  of  pentose  for  every  4  atoms  of  phosphorus. 
Levene  has  been  able  to  prepare  from  the  tubercle  bacilli  nucleic  acids  whose 
nature  has  not  been  closely  studied. 

Plasminic   acid  is  an  acid  which  was  prepared  by  Ascoli  and  Kossel'  by 

*  Schmiedeberg,  Arch.  f.  exp.  Path.  u.  Pharm.,  43;  Herlant,  ibid.,  44;  Neumann, 
Arch.  f.  (Anat.  u.)  Physiol.,  1899,  Supplbl.;  Levene,  Zeitschr.  f.  physiol.  Chem.,  32; 
Kostytschew,  ibid.,  39. 

'  Amer.  Chem.  Joum.,  29. 

*  Ascoli,  Zeitschr.  f.  physiol.  Chem.,  28. 
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the  aetioti  of  alkali  upon  yeast.  It  contains  iron  and  is  soluble  in  very  dilute 
hydrochloric  arid  (I  p.  m,).  It  is  still  a  question  whether  it  ia  a  mixture  or  a 
chemical  individual. 

In  regard  to  the  preparation  of  yeajsi  atid  triticoiiucleic  a(*id  we  must  refer  to 
the  works  of  Altmaxn,  Kos^el,  Osborne  an  1  Harris.^ 

Among  the  cleavage  pmducts  of  the  nucleic  acids  the  purin  deriva- 
tives and  the  pyrimitiine  derivatives  are  of  special  interest. 

Purin  Bases  (nuclein  bases,  alloxuric  bases,  xanthine  todies).  With 
these  names  we  designate  a  group  of  bodies  coasLsting  of  corhonj  hydrogen, 
nitrogen  J  and  in  most  eases  also  of  oxygen^  which,  by  their  eompoi>ition^ 
show  a  relationship  not  only  among  themselves,  but  also  with  uric  acid. 
All  these  bodies,  uric  acid  incluiled,  are  considered  as  consisting  of  an 
alloxuric  anil  a  urea  nucleus,  and  for  this  reason  Kossel  and  Kruger  have 
called  them  alloxuric  bascs^  or  the  entire  group,  including  uric  acid^  alloxuric 
bodies.  Aeeurding  to  E.  FiscHKR,'  who  has  not  only  shown,  in  several 
ways,  the  close  relationship  of  uric  acid  to  this  group,  but  has  also  prepared 
n  number  of  the  membei^  of  this  group  synthetically,  they  arc  all  derived 

N=CH 


from  a  compound,  C5H4N|= 


HC 

II 
N- 


N 


>CfI,  called  purin. 


The  different  purin  bodies  are  derived  therefrom  by  the  substitution  of  the 
various  hydrogen  atoms  by  hydroxy  1,  aiuiii,  or  alkyl  groups?.  In  order  to  signify 
the  difTerciit  positions  of  subs  ti  tut  ion  Fischeh  has  proposed  to  number  the  nine 
members  of  the  purin  nucleus  in  the  following  way: 

IN— CO 

2C   50— N7 

1      I       >C8. 
3N— C— K9 
4 


HN— CX) 


For  example,  uric  acid, 
N^C.NH, 
n^    C — N 


(k) 


C— NH  _ 

11     >C0,  Ja   2,  6,   8-trioxj'purin,  adenine 


HN— C— NH 


HN— 00 

c'o 


C^^N 


CH, 


11     H  >CH «  6-aminopurin,      and     hcteroxan thine       i U     j^^ru  ~ 

7-methy!-2,  G-diox^'purin ,  etc. 

The  starting-fKJint  used  liy  FrscuER  for  the  synthetical  preparation  of  the 
purio  bases  was  2,  (\  S-trichlorpurhi^  which  is  obtained,  with  S-oxy-2,  6-diL'hlor- 
purin  Bs  intermediary  products,  from  i^olassioni  urate  and  phosphorus  oxy chlor- 
ide.    The  close  relation  between  urie  aci(J  and  the  nuclein  bases  follows  from 


*  See  ftwDt- note  1,  pagf>  127 

'See  Fischer,  Bcr.  d.  deulscti.  chtstn,  GeseLisch.,  ^  and  32. 
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the  fact,  as  shown  by  Sundvik,*  that  two  bodies  may  be  obtained  on  the  reduction 
of  uric  acid  in  alkaline  solution,  which,  although  not  quite  identical  with  xanthine 
and  hypoxanthine,  are  at  least  very  similar  thereto.  Gautier  '  claims  to  have 
prepared  xanthine  synthetically  by  heating  hydrocyanic  acid  with  water  and 
acetic  acid. 

The  purin  bodies  or  alloxuric  bodies  found  in  the  animal  body  or  its 
excreta  are  as  follows:  Uric  add,  xanthine,  heteroxanthine,  I'methylxanthine 
faraxanthine ,  guanine,  epiguanine,  hypoxanthine,  episarkine,  adenine,  and 
cfxndnc.  The  bodies  theobromine,  theophylline,  and  caffeine  occurring  in  the 
vegetable  kingdom  stand  in  close  relationship  to  this  group. 

The  composition  of  the  most  important  purin  bodies  from  a  physio- 
logical standpoint  is  as  follows: 

Uric  acid,  CjH^N^O,. 2,  6,  8-trioxypurin 

Xanthine,  C  jH^>\0, 2,  6-dioxypurin 

l-methylxanthine,  C.ILNA^ 1-methyl  *'         *' 

Heteroxanthine,  C.H-NA 7-      '*  **  *' 

TheophvUine,  C.H.NA 1,3-dimethyl         "  " 

Paraxanthine,  CH^NA 1,7-        **  "  " 

Theobromine,  CiH.NX), 3,7-        **  "  " 

Caffeine,  C,H,.N/), 1,3, 7-trimethvl        "  " 

Hypoxanthine,  CsH^N.D 6-oxypurin 

<Jiianine.  aH,NjO.  _ 2-amino       "        ^' 

£!»i?uanine,  f\uH nX/^ 7-methyl  '*      **  '*        ' ' 

Adenine,  (IH.N..  , 6-aminopurin 

Epi^arkine,  C,H,X,0,(?) 

Camine,  C^H.N^O, 

After  Salomon  ^  had  shown  the  occurrence  of  xanthine  bodies  in  young 

foILs  the  importance  of  the  xanthine  bodies  as  decomposition  products  of  roll 

incki  and  of  nucleins  was  shown  ])y  the  pioneering  researches  of  Kossp:l, 

uho  discovered  adenine  and  theophylline.     Kossel  gave  them  the  name 

niiclein  bases.     In  those  tissues  in  which,  as  in  the  glands,  .the  cells  have 

kept  their  original  state  the  nuclein  bases  are  not  found  free,  but  in  com- 

hination   with   other  atomic  groups    (nucleins).     In  such   tissue,   on   the 

oontrar\',  as  in  muscles,  which  are  poor  in  cell  nuclei,  the  nuclein  bases  are 

found  in  the  free  stato.     Since  the  nuclein  bases,  as  suggested  by  Kossel, 

stand  in  close  relationship  to  the  cell  nucleus,  it  is  easy  to  understand  why 

the  cjuantity  of  these  bodies  is  so  greatly  inrroased  when  large  quantities  of 

nurleated   cells  appear  in  such   places  as   were  before   relatively  poorly 

endowed.     As  an  example  of  this,  the  blood,  in  leucaemia,  is  extremely 

rich  in  leucocytes.     In  such  blood  Kossel^  found  1.04  p.  m.  nuclein  bases, 

agaiast  only  traces  in  the  normal  blood.     That  the  nuclein  bases  are  also 

»  Zeitschr.  f.  physiol.  Chem.,  23. 

'Compt.  rend.,  d8,  1523,  and  Ber.  d.  deutsch.  chem.  GeselLsch.,  31.     In  regard  to 
the  synthesis  of  uric  acid  and  purin  bases  see  Traube,  jbid.,  33. 

*  Sitzunsber.  d.  Bot.  Verein  der  Provinz  Brandenburg,  1880 

*  Zeitschr.  f.  physiol.  Chem.,  7. 
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iDtermediate  steps  in  the  formation  of  urea  or  uric  acid  in  the  ammal 
organism  is  probable,  and  will  be  shown  later  (see  Chapter  XV). 

Only  a  few  of  the  nueleia  bases  have  been  found  in  the  urine  or  in  the 
muscles.  Only  four  bases — xantJiine,  guanine,  hx^ioxanthine,  and  adenine^ — 
haxe  been  obtained,  thus  far,  as  cleavage  pniducts  of  nucleins.  In  regard 
to  the  other  purin  bodies  we  refer  the  reader  to  their  respective  chapters. 
Only  the  above  four  bodies,  the  real  nuclein  bases,  mil  be  considered  at  tliis 
time. 

Of  thesp  four  bodies  xanthine  and  guanine  form  one  special  group  and 
hyp<ixaiUbine  and  adenine  another.  By  the  arliori  of  nitrous  acid  guanine  ia 
coavertt^  into  xanthine  and  lidenine  into  iiytx^xanthine. 

QH  A.O.NH + HNO^  -  C,H,N,Oa+  Nj+ 11,0 ; 

Giminne  Xatithitic 

Ailealaa  Hyrx»\Buithiae 

By  putrefaction  piiaoine  is  rouverted  into  xarvtliine  and  adenine  into  h^^po- 
xanthine.  On  rleaviige  with  hydruihlorie  acid  all  four  of  the  bcxlies  aie  eon- 
vorted  into  ammonia,  glycocroll,  carbon  dioxide^  and  formic  acid-  On  oxidation 
with  hydrochloric  acid  and  pf>tassium  chlorate,  xaTithine,  bromadenLie,  and  brom- 
liyiM>xanthine  yield  alloxan  and  urea;  guanine  yields  guanidine,  imrabaiiic  acid 
(an  oxidation  product  of  jdloxan),  and  carbon  dioxide. 

The  miclein  bases  form  crystalline  salts  with  mineral  acids,  which  are 
decomposed  by  water  with  the  exception  of  the  adenine  salts  They  are 
easily  dissolved  by  alkalies,  whDc  with  ammonia  their  action  is  some%vhat 
dilTerent.  They  are  all  precipiUited  from  acid  sohition  by  phosphotvmgstic 
acid;  they  also  separate  as  a  silver  combination  on  the  addition  of  ammonia 
and  ammoniacal  silver-nitrate  solution.  These  precipitates  are  soluble  in 
boiling  nitric  acid  ot  1.1  specific  gravity.  Ail  xanthine  bodies  are  also  pre- 
cipitated b}^  Fehling's  solution  (see  Chapter  XV)  in  the  presence  of  a 
re<lucing  substance  such  as  hydroxylamine  (Drechsel  and  Balke).  Copper 
sulphate  and  sodium  bisulphite  may  also  be  used  to  advantage  in  their 
precipitation  (Khuger*).  This  behavior  of  the  xanthine  bases  is  niade 
use  of  to  the  same  advant^age  as  the  silver  solution  in  their  precipitation 
and  preparation. 

HN— CO 

CO  C— NH 
XantMne^  C^H|N40a=j,' jJ,      ^  >CH  (2,  6-diox>^urin),  is  found  in 

'the  muscles,  liver,  spleen,  pancreas,  kidneys*  testiclejs,  carp-sperm,  thymus, 
and  brain.  It  occure  in  small  quantities  as  a  physiological  constitu- 
ent of  urine,  and  it  occasionally  has  been  found  as  a  urinary  sediment,  or 


*  Balke^  zur  Kenntniaa  der  Xanthinkorper,  Inaug.-Dis8. 
Zeitscbr.  f,  physiol  Chem,,  18. 


Letpxig,  1893;  Kriig^r, 
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calculus.    It  was  first  observed  in  such  a  stone  by  Marcet.    Xanthine  is 
found  in  larger  amounts  in  a  few  varieties  of  guano  (Jarvis  guano). 

Xanthine  is  amorphous,  or  forms  granular  masses  of  crj'tals,  or  may  also, 
according  to  Horbaczewski,*  separate  as  masses  of  shining,  thin,  large 
rhombic  plates  -with  1  mol.  water  of  crystallization.  It  is  very  slightly 
soluble  in  water,  in  14,151-14,600  parts  at  16"^  C,  and  in  1300-1500 
parts  at  100®  C.  (Alm^x  ^.  It  is  insoluble  in  alcohol  or  ether,  but  is 
reaijily  dissolved  by  alkalies  and  with  difficulty  by  dilute  acids.  With 
hydrochloric  acid  it  gives  a  crystalline,  difficultly  soluble  combination. 
With  very  little  caustic  soda  it  gives  a  readily  crystallizable  compound, 
which  is  easily  dissolved  by  an  excess  of  alkali.  Xanthine  dissolved  in 
ammonia  gives  with  silver  nitrate  an  insoluble,  gelatinous  precipitate  of 
xanthine  silver.  This  precipitate  is  dissolved  by  hot  nitric  acid,  and  by  this 
means  an  easily  soluble  crystalline  double  combination  is  formed.  A 
watery  xanthine  solution  is  precipitated  on  boiling  with  copper  acetate.  At 
oniiiiar}'^  temperatures  xanthine  is  precipitated  by  mercuric  chloride  and  by 
ammoniacal  basic  lead  acetate.  It  is  not  precipitated  with  basic  lead 
acetate  alone. 

T\Tien  evaporated  to  dryness  in  a  porcelain  dish  with  nitric  acid,  xanthine 

gives  a  yellow  residue,  which  turns,  on  the  addition  of  caustic  soda,  first 

red,  and,  after  heating,  purple-red.    If  we  place  some  chloride  of  lime  with 

some  caustic  soda  in  a  porcelain  dish  and  add  the  xanthine  to  this  mixture, 

at  first  a  dark-green  and  then  quickly  a  brownish  halo  forms  around  the 

xanthine  grains  and  finally  disappears  (Hoppe-Seylek).     If  xanthine  be 

warmed  in  a  small  vessel  on  the  water-bath  with  chlorine-water  and  a  trace 

of  nitric  acid  and  evaporated  to  dryness,  and  the  residue  is  then  exposed  under 

a  bell-jar  to  the  vapors  of  ammonia,  a  red  or  purple-violet  color  is  ])roduced 

(Weidel's  reaction).    E.  Fischer  ^  has  modified  Weidel's  reaction  in  the 

following  way.     He  boils  the  xanthine  in  a  test-tube  with  chlorine-water  or 

with  hydrochloric  acid  and  a  little  potassium  chlorate,  then  evaporates  the 

liquid  carefully  and  moistens  the  dry  residue  with  ammonia. 

HN— CO 

Guanine,    CJIsN.O  =  HjN.C     C— NH 

>  CH     (2  -  amino  -  (i-  oxypurm). 


I 


l—C—N 

Guanine  is  found  in  organs  rich  in  cells,  such  as  the  liver,  spleen,  pancreas, 
testicles,  and  in  salmon-sperm.  It  is  further  found  in  the  muscles  (in  very 
small  amounts),  in  the  scales  and  in  the  air-bladder  of  certain  fishes  as 
iridescent  crystals  of  guanine-lime;  in  the  retinal  epithelium  of  fishes,  in 
guano,  and  in  the  excrement  of  spiders  it  is  found  as  chief  constituent.    It 

*  Zeitschr.  f.  physiol.  Chem.,  23. 

*  Joum.  f.  prakt.  Chem.,  %. 

»  Ber.  d.  deutsch.  chem.  Gesellsch.,  30,  2236. 
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also  occurs  in  human  and  pig  urine.  Under  pathological  conditions  it  has 
been  found  in  leuca^mic  blood,  and  in  the  muscles,  ligaments,  and  articula- 
tions of  pigs  with  guaniiie-gnut* 

Guanine  is  a  colorless,  ordinarily  amorphous  powder  which  may  be 
obtained  as  small  crystals  by  alloiving  its  Sfilution  in  concentrated  ammonia 
to  spontaneiiusly  evaporate.  According  to  Horbaczewski  it  may  under 
certain  conditions  appear  in  crystals,  similar  to  creatinine  zinc  chloride. 
It  is  insoluble  in  water,  alcohol,  and  ether.  It  is  rather  easOy  dissolved 
by  mineral  acids  and  readily  by  alkalies,  but  it  dissolves  with  great  difficulty 
in  ammonia.  According  to  Wulff  *  100  c.  c,  of  cold  ammonia  solution 
contahiin^j;  1,  3,  and  5  per  cent  NH^  dissolve  9,  15,  and  19  milligrams  of 
guanine  respectively.  The  solubility  is  relatively  increased  in  hot  ammonia 
solution.  The  hydrochluride  readily  crystallizes,  and  this  has  been  recom- 
mendcil  by  Kossel^  in  the  microscopical  detection  of  guanine  on  accoimt 
of  its  Ijehaviur  to  polarized  light.  The  sulphate  cuntains  2  molecules  of  water 
of  crystallization,  which  is  completely  expelled  on  heating  to  120°  C.^  and  for 
this  reason  as  well  as  the  fact  that  guanine  34elds  guanidine  on  decomposition 
with  chlorine-water,  differentiates  it  from  6-am]no-2-oxypurin,  which  is  con- 
sidere(i  as  an  oxidation  product  of  adenine  and  possibly  occurs  as  a  chem- 
ical metabolic  product  {E.  FKsrHER).  The  G-amino-2-oxypurin  sulphate 
contains  only  1  molecule  of  water  of  crj'stalhzation,  which  is  not  ex|3elleil  at 
120"^  C.  Very  dilute  guanine  solutions  are  precipitated  b}^  both  picric 
acid  and  metaphosphoric  acid.  These  precipitates  may  be  used  in  the 
quantitative  estimation  of  guanine.  The  silver  combination  dissolves  with 
difficulty  in  boiling  nitric  acid,  and  on  cooling  the  double  combination 
crv'stallizes  out  readily.  Guanine  acts  like  xanthine  in  the  nitric-acid  test, 
but  givc»s  with  alkalies  on  lieating  a  more  bluish-violet  color.  A  warm 
solution  of  guanine  hydrochloride  gives  with  a  cold  saturated  solution  of 
picric  acid  a  yellow  precipitate  consisting  of  silky  needles  (Capranica). 
With  a  concentrated  solution  of  potassium  bichromate  a  guanine  solution 
gives  a  crystallinCi  o''angc-red  precipitate,  and  with  a  concentrated  solu- 
tion of  potassium  ferricyanide  a  yellowish-brown,  cr>'sfallinc  precipitate 
{Caph.\xjca).  The  composition  of  these  and  other  guanine  conibinatinns 
has  been  studied  by  Kossel  and  Wulff.^  Guanine  does  not  give  Weidel  *s 
reaction. 

HN— CO 

I  I 
Hypaxanthine,    Sarkin,  CjH^N^O^HC    C— NH  -(6-oxypurin). 

II  11  >CH 
N— C— N 


»  Zeitschr.  f.  physiol.  Chem.,  17, 
'  Uelier  die  chem,  Ziisammensetz  der  Zelle,  ^''erh.  d. 
189{}-91*  Nos.  5  and  G. 

•  Zeitschr.  t  physiol.  Chem.,  17;  Capranica,  ihid.,  4. 
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This  body  is  found  in  the  same  tissues  as  xanthine.  It  is  especially  abund- 
ant in  the  sperm  of  the  salmon  and  carp.  Hypoxanthine  occurs  also  in 
the  marrow  and  in  very  small  quantities  in  normal  urine,  and,  as  it  seems, 
also  in  milk.  It  is  found  in  rather  considerable  quantities  in  the  blood 
and  urine  in  leucsemia. 

Hypoxanthine  forms  very  small,  coloriess,  crystalline  needles.  It  dissolves 
with  difficulty  in  cold  water,  but  the  statements  in  regard  to  the  solubility 
therein  are  very  contradictory.*  It  dissolves  more  readily  in  boiling  water, 
in  about  70-80  parts.  It  is  nearly  insoluble  in  alcohol,  but  is  dissolved  by 
acids  and  alkalies.  The  combination  with  hydrochloric  acid  is  crystalline, 
and  is  more  soluble  than  the  corresponding  xanthine  combination.  It 
is  easily  soluble  in  dilute  alkalies  and  ammonia.  The  silver  combina- 
tion dissolves  with  difficulty  in  boiling  nitric  acid.  On  cooling  a  mixture 
of  two  hypoxanthine  silver-nitrate  compounds  possessing  an  inconstant 
composition  separates  out.  On  treating  this  mixture  with  ammonia  and 
an  excess  of  silver-nitrate  and  heating,  a  hypoxanthine-silver  combina- 
tion is  formed  wh'.ch  when  dried  at  120°  C.  has  a  constant  composition, 
2(C5H2Ag2N40)H20,  and  is  used  in  the  quantitative  estimation  of  hypo- 
xanthine. Hypoxanthine  picrate  is  soluble  with  difficulty,  but  if  a  boiling- 
hot  solution  of  the  same  is  treated  with  a  neutral  or  only  faintly  acid 
solution  of  silver  nitrate  the  hypoxanthine  is  nearly  quantitatively  precipi- 
tated as  the  compound  C5HjAgN40.C^2(N02)80H.  Hypoxanthine  does  not 
yield  an  insoluble  compound  with  metaphosphoric  acid.  When  treated, 
like  xanthine,  with  nitric  acid  it  yields  a  nearly  colorless  residue  which 
on  warming  with  alkali  does  not  turn  red.  Hypoxanthine  does  not  give 
Wei  DEL 's  reaction.  After  the  action  of  hydrochloric  acid  and  zinc  a 
hypoxanthine  solution  becomes  first  ruby-red  and  then  brownish-red  in 
color  on  the  addition  of  an  excess  of  alkali  (Kossel).  According  to  E. 
Fischer  ^  a  red  coloration  occurs  even  in  the  acid  solution. 
N^rC.NH. 

I  I 
Adenine,  C6H5N5=HC    C— NHv 

II  II  ^H  (6-aminopurin),    was  first    found 

by  KossEL  '  in  the  pancreas.  It  occurs  in  all  nucleated  cells,  but  in 
greatest  quantit'es  in  the  sperm  of  the  carp  and  in  the  thymus.  Adenine 
has  also  been  found  in  leucaemic  urine  (Stadthagen  *),  It  may  be  obtained 
in  large  quantities  from  tea-leaves. 

Adenine  crystallizes  with  3  molecules  of  water  of  crystallization  in  long 
needles  which  become  opaque  gradually  in  the  air,  but  much  more  rapidly 


*  See  E.  Fischer,  Ber.  d.  deutsch.  chem.  Oesellsch.,  30. 
'Kossel,  Zeitschr.  f.  physiol.  Chem.,  12,  252;  E.  Fischer,  1.  c. 
■  See  Zeitschr.  f.  physiol.  Chem.,  10  and  12. 
♦Virchow's  Arch.,  109. 
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when  warmed.  If  the  cr}'T5tals  are  warmed  slowly  with  a  quantity  of 
water  insufficient  for  solution,  they  become  suddenly  cloudy  at  53^  C,  a 
charaeteristie  reaction  for  adenine.  It  dissolves  in  1086  parts  cold  water, 
but  is  easily  soluble  in  warm.  It  is  insoluble  in  ether,  but  somew^bat  soluble 
in  hut  alcohol.  Adenine  Is  easily  soluble  in  acids  and  alkalies.  It  is  more 
ea**ily  soluble  in  ammonia  solution  than  guanine^  but  less  soluble  than 
hy]X)xanthine.  Tlie  silver  combination  of  adenine  is  difficultly  soluble  in 
warm  nitric  acid,  and  deposits  on  cooling  as  a  crystalline  mixture  of 
adenine  silver-nitrate.  With  picric  acitl  adenine  forms  a  compound, 
('sHsN5.C„H2(N02)aOH,  which  is  very  insoluble  and  which  separates  more 
readily  than  the  hyj^oxanthinL^  picrate  and  whicli  can  l>e  used  in  the  quanti- 
tative estimation  of  adenine.  We  also  have  an  adenine  tnercur} -picrate. 
Adenine  gives  a  precipitate  which  dissolves  in  an  exc<!ss  of  the  acid  with 
metaphosphoric  acid  if  the  solution  is  not  too  dilute.  Adenine  hydro- 
chloride gives  with  gold  chloride  a  double  combination  which  consists 
in  part  of  leaf-shaped  aggr^ations  and  in  part  of  cubical  or  prismatic 
cr>^stals,  often  with  ronnde<l  corners.  This  compound  is  usetl  in  the  micro- 
scopic detection  of  adenine.  Witli  the  nitric-acid  test  and  with  W^eidel's 
reaction  adenine  acts  in  the  same  way  as  hypoxan thine.  The  same  is  true 
for  its  behavior  to  hydrochloric  acid  and  zinc  and  subsequent  addition 
of  alkali. 

The  principle  for  the  preparation  and  detection  of  the  four  above- 
described  xanthine  bothes  in  organs  and  tissues  is,  according  to  Ki>ssel  and 
his  pupils,  as  follows:  The  finely  divided  organ  or  tissue  is  boilefl  ftir  three 
or  four  hours  with  sidphuric  acid  of  about  5  p.  m.  The  filteretl  licjuid  is 
freed  from  pmteid  by  basic  lead  acetate,  and  the  new  filtrate  is  treated]  with 
sidphu retted  hydrogen  \aj  remove  the  lead,  again  filtered,  concentrated, 
and,  after  adding  an  excess  of  ammonia,  precipitated  with  ammoniacal 
silver  nitrate.  The  silver  comlnnation  (with  the  atldition  of  some  urea  to 
prevent  nitrification)  is  dissolved  in  not  tou  large  a  quantity  of  boiling  nitric 
acid  of  sp.  gn  IJ,  and  this  sf»lution  filtered  lioiling  hot.  On  cooling  the 
xanthint^silver  remains  in  the  S(»hitinn,  while  the  doulile  combinatirm  of 
guanine,  hypoxanthini\  and  adenine  crystalhzes  out.  The  xanthine-silver 
may  be  [irecijiiUited  from  the  filtrate  by  the  addition  of  ammonia  and  the 
xanthine  set  free  by  means  of  sulphurettetl  hydrogen.  The  tlu'ee  above- 
mentioned  silver-nitrate  combinations  are  decomi>o5ed  in  water  with 
ammonium  sulphide  and  heat;  the  silver  sulphide  is  fdtered  oiT^  the  filtrate 
concentrated,  saturated  wilh  ammonia,  and  digested  on  the  water-bath* 
The  guanhie  remains  undissolved,  while  the  t>thertwo  bases  pass  into  solu- 
tion. A  part  of  the  guanine  is  still  retained  b>^  the  silver  sulphiile,  and  may 
be  liberated  by  fjoiling  it  with  dilute  h}'drochloric  acid  and  then  saturating 
the  filtrate  with  ammonia.  When  the  above  fdtrate  containing  the  adenine 
and  h>'7>oxanthine,  which  has  been,  if  necessarj^  freed  from  ammonia  by 
evajK*ration^  is  allowed  to  cool,  the  adenine  separates,  while  the  hypoxanthine 
remains  in  solution.    According  to  Balke  '  we  can  to  advantage  precipitate 
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ike  xanthine  bases  with  copper  salt  and  hydroxy lamine  as  above  mentioned 
and  then  further  separate  the  bodies. 

The  method  of  Burian  and  Hall*  is  serviceable  in  the  estimation  of  the 
total  quantity  of  purin  bodies  in  animal  oi^ans;  the  quantitative  estima- 
tion of  the  various  bases  is  performed  in  the  main  according  to  the  method 
above  described.  The  xanthine  is  weighed  as  xanthine  silver.  The  three 
silver-nitrate  compounds  are  converted  into  the  corresponding  silver  com- 
binations by  ammonia  and  the  addition  of  silver  nitrate  and  then  ammonium 
sulphide  allowed  to  act  upon  the  carefully  washed  silver  compounds.  The 
g;uanine  is  weighed  as  such.  The  ammoniacal  filtrate  containing  the  adenine 
and  hypoxanthine,  which  must  not  be  mixed  with  the  hydrochloric-acid 
extract  of  the  silver  sulphide,  is  neutralized  and  a  cold  concentrato<l  solu- 
tion of  sodium  picrate  added  until  the  entire  liquid  has  a  pronouncedly 
yellow  color.  The  adenine  picrate  is  immediately  filtered  off,  washed  on 
the  filter  paper  with  water,  dried  at  above  100^  C,  and  weighed.  The  fil- 
trate containing  the  hypoxanthine  is  gradually  treated  while  boiling  hot 
with  silver  nitrate  and  after  cooling  more  silver  nitrate  is  added  to  see  if 
the  precipitation  is  complete.  The  hypoxanthine-silver  picrate  is  washed, 
dried  at  100°  C,  and  weighed.  In  regard  to  the  composition  of  these 
compounds  see  pages  134  and  145  This  method  of  separating  adenine 
and  hypoxanthine  presupposes  the  absence  of  hydrochloric  acid  in  the 
liquid. 

The  above  method  of  separation  with  ammonia  does  not  give  exact 
results  on  account  of  the  not  inconsiderable  solubility  of  guanine  in  warm 
ammonia.  According  to  Kosskl  and  Wulff  *  the  guanine  may  therefore 
be  precipitated  from  sufficiently  dilute  solutions  by  an  excess  of  metaphos- 
phoric  acid  and  the  nitrogen  determined  in  the  washed  precipitate  by 
Kjeldahl's  method.  The  adenine  and  hj'poxanthine  may  be  precipitated 
from  the  filtrate  by  ammoniacal  silver  nitrate.  The  silver  compound  is 
decomposed  with  ver\'  dilute  hydiochloric  acid  and  the  adenine  separated 
from  the  hypoxanthine  according  to  the  suggestion  of  Bruhxs.'  In  regard 
to  the  complications  in  the  detection  and  exact  estimation  of  purin  bodies 
in  organ  extracts  we  refer  to  the  works  of  His  and  Hagen  and  Burian  and 
Hall.* 

NH— CO 

nh-<:h 

Ascoli  and  Kossel  from  yeast  nucleic  acid  and  later  prepared  by  Kossel 
and  Steudel  from  thymusnucleic  acid  and  herring  testicles  and  by 
Le\texe  from  the  spleen  and  pancreas  nucleic  acids.  The  synthetical 
preparation  was  first  performed  by  E.  Fischer  and  Roeder.*^ 


*  Zeitschr.  f.  physiol.  Chem.,  38. 
^  Ibid,,  17, 

«/6/rf..l4,  559. 

*  His  and  Hagen,  ibid.,  30,  and  Burian  and  Hall,  ibid.,  38. 

•Ascoli,  ibid.,  31;    Kossel  and  Steudel,  ibid.,  37;    Levene,  ibid.,  38,  39;  E.  Fischer 
and  Roeder,  Ber.  d.  d.  chem.  Gesellsch.,  34. 
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Uracil  crystallizes  in   rosette^fornied  needles.     On  careful   heating  it 
siiblimes  partly  uiuIecoinposcHl,  hut  develops  rai  vapors  and  deeompose^^ 
in  part.     It  is  readily  soluble  in  hot  watej"  and  less  so  in  cold  \vater  an  A. 
is  nearly  insoluble  in  alcohol  and  ether.     It  is  readily 'Soluble  in  ammonia-  I 
It  is  only  precipitated  by  silver-nitrate  solution  after  the  careful  addltioi*. 
of  ammonia  or  baryta-water,  as  the  precipitate  is  remtily  soluble   in 
excess  of  ammonia.     Uracil  responds  to  Weidel's  test  (p.  133).     In 
gard  to  the  preparation  of  uracil  see  Kossel  anil  Steudel,^ 


NH^€0 

I  I 

Thymin,  CsH^NA^^^'O     C.CHa  (.5-methvluraeil). 


This  body,  which  b 


identical  with  nucleosin  obtained  by  Schmiedeberg  from  salmonueleic  acid, 
is  obtaine^l  from  the  thyrnusnucleic  acids  and  was  first  prepareil  by  Kossel 
and  Neumann  frnni  thyrnusnucleic  acid.  E.  Fischer  and  RoEOER^have 
preimred  it  syutlietically. 

Thymin  crystallizes  in  stellar  or  dendric-formed  small  leaves  or  seldom 
in  sbirt  needles  ((julewitsc  h  ^).  On  heatintr  it  sublimes.  It  is  difhcuUly 
eoluble  in  cold  water,  more  soluble  in  hot  wator^  and  insoluble  in  alco 
hoh  It  behaves  hke  uracil  towards  ammonia  or  bai^yta- water  and  silver 
nitrate.  Thymin  is  precipitateil  by  phosphotungstic  acid,  which  does  not 
precipitate  uraciL  Broniiue  water  is  decolorized  by  thymin,  producing 
bromthymin.  For  its  detection  we  make  use  of  the  sublimation,  the 
behavior  t^iwards  silver  nitrate,  and  its  elementary  analysis. 

In  regard  to  the  methods  of  preparation  see  Kossel  and  Neu^lvnn 
and  W.  Jones.* 

Cytosin,  C^HgNjO^CO  CH       ,  (6-amino-2-ox}^yrimidine),    was    first 

HN— CH 

prepared  by  Kossel  and  Steudel  from  earp-sperm,  lierring  testicles,  and 
yeast  nucleic  acid;  also  by  Levene  from  spleen  and  pancreas  nucleic  acid, 
and  finally  also  by  Wheeler  and  Johnson  from  tritico nucleic  acid. 
Wheeler  and  Johnson  ^  have  also  prepared  it  synthetically. 

The  free  biise  Is  difhcultly  soluble  in  water  and  cn^stallizes  in  thin 
mother-of-pearl-like  leaves.  The  double  compound  with  platinum  chloride, 


'  Zeit^schr.  f.  physiol  Clioiii,,  37.  245. 

^  Schmictlcberg,  1,  c, ;  Aroix  f.  expt.  Path.  u.  Pliarm,,  37;   Kossel  and  Xeumann, 
Ber  d.  d.  chem,  Gesellsch,,  2(i  and  27;   E.  Fischer  and  Ropder.  ibuL,  31, 

*  Zcilschr.  t.  physiol.  Chem.,  27. 

*  Kossel  and  Neumann,  1.  c;  W.  Jones,  Zeitschr.  f  physiol.  Chem.,  29^  4GL 

*  Amer  Cheni.  Joum.,  21>;  see  also  foot-note  1,  page  127. 
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the  ctystalline  picrate,  the  nitrate,  and  the  two  sulphates  are  of  importance 
in  the  detection  of  cytosin.  This  base  is  precipitated  by  phosphotungstic 
acid  and  by  silver  nitrate  in  the  presence  of  an  excess  of  barium  hydroxide, 
which  is  also  of  importance  in  the  detection  of  cytosin  (Kutscher).  Cytosin 
gives,  like  uracil,  the  murexid  reaction  with  chlorine-water  and  ammonia. 
In  regard  to  the  preparation  of  this  base,  see  Kossel  and  Steudel  and 
Kutscher.* 

Mineral  Bodies.     These  bodies,  found  habitually  in  the  cells  of  higher 
plants  and  of  animals,  are  potassium,  sodium,  calcium,  magnesium,  iron, 
phosphoric  acid,  and  chlorine.     In  certain  cells  we  also  find  manganese, 
silicic  acid,  iodine,  and  also  arsenic.      We  are  chiefly  indebted  to  Liebig 
for  showing  that  the  mineral  bodies  are  as  important  for  the  normal  con- 
stitution of  the  organs  and  tissues  as  well  as  for  the  normal  performance 
of  the  processes  of  life  as  the  organic  constituents  of  the  body.      This 
imprtance  of  the  mineral  constituents  follows  from  the  fact  that  we  know 
no  animal  tissue  and  no  animal  fluid  which  is  free  from  mineral  bodies, 
and  ako  from  the  fact  that  certain  tissues  or  tissue  elements  contain  chiefly 
certain  mineral  bodies  and  not  others.    This  division  is,  in  general,  as  follows 
in  regard  to  the  alkali  compounds,  namely,  that  the  sodium  compounds 
occur  chiefly  in  the  fluids,  while  the  potassium  compoimds  occur  especially 
in  the  form-elements.      Corresponding    to  this,  the   cells  contain  chiefly 
potaissium  as  phosphate,  while  they  are  less  rich  in  sodium  and  chlorine 
compounds. 

Tlie  importance  of  potassium  for  life  and  the  development  of  the  cell  has 
been  shown  by  several  obser\^ations.  A  ver\^  instnictive  and  interesting 
example  of  this  action  has  been  shown  by  Loeb  ^  in  his  investigations  on 
the  pathogenesis  of  the  egg  of  the  sea-annclide  Cha^toptenis.  The  un- 
fertilized egg  could,  in  sea-water  alone,  only  develop  to  the  eighth  or  six- 
teenth cell  stage;  after  a  short  stay  in  sea-water  to  which  KCl  was  added 
they  developed  to  the  trichophora  larva.  Th(^  fact  that  the  KCl  could 
not  be  replaced  by  other  chlorides  but  by  other  potassium  salts  also  shows 
that  we  are  here  dealing  with  a  specific  action  of  the  potassium  ions. 

The  importance  of  phosphoric  acid  is  not  clear;  it  is  perhaps  possible 
that  this  acid  is  important  for  the  formation  of  the  lecithins  and  nucleius, 
and  thereby  indirectly  makes  possible  the  processes  of  growth  and  division^ 
which  are  dependent  upon  the  cell  nucleus.  Loew  ^  has  shown,  by  means 
of  cultivation  experiments  on  algae  Spirogyra,  that  only  by  supplying 
phosphate  (in  his  experiments  potassium  phc:sphate)  was  the  nutrition 
of  the  cell  nucleus  made  possible,  and  thereby  the  growth  and  division  of 


*  Kossel  and  Steudel,  Zeitschr.  f.  physiol.  Chem.,  37  and  38;  Kutscher,  ibid.,  38. 
'  Amer.  Joum.  of  Physiol.,  3,  4;   Pfluger*s  Arch.,  87. 

*  Biologisches  CentriJbl.,  11.  269. 
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the  ceJls.  The  cells  of  the  Spirogyra  can  be  kept  alive  and  indeed  produce 
starch  and  proteids  for  some  t"me  withou.  a  supply  of  phosphates,  but 
its  growth  and  propagation  suffer. 

As  both  phosphoric  acid  and  iron  are  obtained  fmm  the  nuclein  nib- 
stances  it  is  likely  that  these  mineral  bodies  are,  at  least  realtively,  richest 
in  the  nucleus.  As  to  the  division  of  the  mineral  bodies  between  the 
protoplasm  and  the  nucleus  we  know  nothing  with  positiveness,  and  the 
same  is  true  for  the  form  of  combination  of  the  mineral  bodies  in  the  nu- 
cleus. On  incineration  we  not  only  obtain  a  mixture  of  the  mineral  bodies 
of  the  nucleus  and  protoplasm^  but,  as  is  true  for  all  animal  fluids  and 
tissues,  tlie  original  relationship  is  marketlly  changed.  The  combinations 
between  the  colloidal  and  mineral  substances  are  destroyed »  carbon  choxide 
thscbarged,  and  sulphuric  acid  and  phosphoric  acid  may  be  produced  from 
the  organic  bodies.  Tlie  ordinary  chemical  analysis  is  not  sufficient  for 
the  study  of  the  mineral  constituents  of  the  fluids  or  tissue,  their  farms 
of  combination  and  action;  hence  we  must  resort  to  physical-chemical 
methoils. 

According  to  the  investigations  carried  on  by  these  methods  the  con- 
elusion  has  been  reached,  irrespective  of  the  importance  of  the  mineTal  bodies 
for  the  osmotic  tension  in  the  cells  and  tissues,  that  the  part  taken  by  the 
mineral  bodies  in  cell  life  Is  essentially  the  action  of  the  ions.  For  example, 
the  permeability  of  the  blood-corpuscles,  as  well  as  other  cells  for  neu- 
tral alkali  salts,  which  wOl  be  treated  in  the  following  chapter,  shows  an 
exchange  of  ions.  The  investigations  of  Maillard  on  the  toxic  action  of 
copper  salts  and  of  Paul  and  Kbonig  *  of  mercury  salts,  acids,  and  alkalies 
offer  other  examples.  From  these  investigations  it  follows  that  the  tox- 
icity is  dependent  upon  the  dissociation  and  that  it  is  not  dependent  upon 
the  total  amount  of,  for  example,  copper  or  mercury  salts  present  in  the 
eulution,  but  mther  upon  the  number  of  copper  or  mercur}^  ions. 

Beautifid  and  instructive  examples  of  the  imporUmce  of  the  ions  for 
cell  life  have  been  shoi^Ti  by  Loeb  ^  and  his  collaborators.  It  is  not  within 
the  scope  of  this  book  to  give  a  detailed  account  of  thLs  important  work, 
but  i^erliaps  it  will  be  sufficient  to  give  at  least  one  example.  The  de\'elop- 
mcnt  of  the  eggs  of  the  fundulm  can  be  retarded  for  a  long  time  by  a  | 
iicirmal  NaCl  solution.  On  the  additinn  of  CaSO^  this  retardation  Ls  prevented 
and  the  development  proceeds.  Other  calcium  salts  act  like  the  sulphate, 
hut  alkali  sulphates  like  NajS04  or  other  neutral  alkah  salts  do  not  have 
this  action,  hence  it  must  be  a  calcium  ion  action.  Small  quantities  of 
other  divalent  catioiLs,  also  trivalent  ioas,  act  similar  to  calcium,  whde  the 


^  MaiUardr  Joum.  de  Physiol,  et  Path,,  1;  Paul  and  Kr5iiig»  Zeitschr.  f.  physioL 
Chem.,  12,  and  ZeiLscbr.  f,  Hygiene,  2S. 

»  Loeb,  Amer.  Joura.  Ph^i^iol,  3,  4,  and  U;  PBuger's  Arch,  SO,  87,  S8,  and  93  (with 
Gies). 
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salts  of  monovaleiit  cations  do  not  have  this  action.  According  to  Loeb 
«vay  solution  which  contains  only  one  electrolyte  is  poisonous  and  this 
toxicity  can  be  prevented  by  another  electrolyte.  The  valence  determines 
the  extent  to  which  certain  ions  may  have  this  action,  because,  as  above 
stated,  a  smaU  amount  of  a  divalent  ion  may  retard  the  action  of  a  larger 
Amount  of  a  monovaleut  ion. 

The  chief  mass  of  the  cells  consists  of  colloids,  and  as  the  normal  func- 
tions of  the  cells  are  connected  with  a  certain  physical  condition  of  the  proto- 
plasm it  is  natural  to  consider  the  action  of  the  ions  in  relationship  to  the 
change  in  the  state  of  the  colloids.    The  colloids  can  be  precipitated  by 
electrolytes  and  the  investigations  of  Hardy  and  Pauu  *  show  that  we 
are  here  probably  also  dealing  with  an  ion  action.     Negatively  charged 
colloids  are,  according  to  Hardy,  precipitated  by  cations  and  positively 
charged  by  anions.    A  physiologically  balanced  salt  mixture  suitable  for 
the  normal  functions  may  also  be  produced  by  the  antagonism  of  the  ion 
action  in  a  complex  solution  containing  several  salts  (Loeb  and  Gies). 
Changes  in  one  or  the  other  direction  must  correspondingly  also  bring 
about  changes  in  the  state  of  the  colloid  by  the  action  of  the  ions.    How 
the  ions  act  in  these  instances  is  not  clear.    A  very  instructive  and  clear 
explanation  is,  however,  given  by  Hober.' 

'  Hardy,  Joum.  of  Physiol.,  24,  and  Zeitschr.  f.  physikal.  Chem.,  33;  Paiili,  Hof- 
meitftcr's  Beitr^ge,  3.  « 

2  Phjrsikalische  Chemie  der  Zelle  und  der  Gewebe,  Leipzig,  1902. 
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THE    BLOOD 


The  blood  is  to  be  considered  from  a  certain  standpoint  as  a  fluid  tissue* 
and  it  consists  of  a  transparent  lit[ind.  the  hlood-plasnm,  in  wliirh  a  vast 
ninnl)cr  of  solid  particles,  the  red  and  while  blood-corjru^cks  (and  the  hlood- 
plates)  are  suspended.  We  also  find  in  the  blood  granules  of  different  kindSt 
wliich  are  to  he  eorisidcr«_l  as  transformation  products  of  the  fonxi-ele- 
merits.* 

Outside  of  the  organism  the  blood,  as  is  well  known,  coagidates  more  or 
less  r]ni<  kly;  but  this  roa^nlatinn  is  aecnmplishetl  generally  in  a  few  minutes 
after  leaving  the  body.  All  varieties  <if  blood  do  uot  euagulate  with  the 
same  decree  of  rapidity.  Some  coagulate  more  quicldy,  others  more  slowly. 
In  vertelirates  with  nucleated  blnofl-corpusclos  (birds,  reptiles,  batraehia, 
and  fislies)  Dklezknnk  has  shown  that  the  Ijlood  coa^ulate^  very  slowly 
if  it  is  collected  under  precautions  so  that  it  does  not  come  in  contact  with 
the  tissues.  •On  contact  with  the  tissues  or  with  tissue  extracts  they 
coa2:ulate  in  a  few  minutes.  The  bhiod  with  non-nucleated  blood-corpuscles 
(mammals)  coagulates,  on  the  contrar>%  very  rapidly.  The  coagulation 
of  the  l)lood  in  these  eases  may  also  be  somewhat  retarded  by  preventing 
the  blood  from  coming  in  contact  with  the  tissues  (■Span<jARO,,  Arthus^. 
Among  the  varieties  of  blood  of  mammals  thus  far  in\'estigated  the  blood 
of  the  horse  coagulates  most  slowly.  The  coagulation  may  be  more  or 
less  retarded  by  quickly  cooling;  and  if  we  allow  etpdue  blood  t^:*  flow 
directly  from  the  vein  into  a  glass  cylinder  which  is  not  too  wide  and  which 
ha.s  been  cooletl,  and  let  it  stand  at  trC,  the  blood  may  be  kept  fluid 
for  several  days.  An  upper  amber-yeUow  layer  of  plasma  gradually 
separates  from  a  lower  red  layer  composed  of  blood-corpuscles  with  only 
a  little  plasma.  Between  these  is  observed  a  whitish-gray  layer  which 
consists  of  white  blood-corpuscles. 

The  plasma  thus  obtaineil  and  filtered  is  a  clear  amber-yellow  alkaline 
liquid  which  remains  fluid  for  some  time  when  kept  at  O'^C,  but  soon 
coagulates  at  the  ordinary  tempera tiu*e. 


*  Bee  Latschenberger,  Wicn,  Bitzungsber. ,  105. 

'  Delezenne,  Compt,  tend.  Soc.  de    Biol.,  40;   Spangaro,  Arch.  itaL  de   Biol, 
Aithus,  Joum.  d.  Physiol,  et  Pathol.,  4. 
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The  coagulation  of  the  blood  may  be  pre\'ented  in  other  ways.    After 
the  injection  of  peptone  or,  more  correctly,  proteose  solutions  into  the 
bW  (in  the  li\ing  dog)»  the  blood  does  not  coagulate  on  leaving  the  veins 
(Fa.no,  Schmidt-Mulheim  *).    The  plasma  obtained  from  such  blood  by 
meanij  of  centrifugal  force  is  called  peptone-plasma.    According  to  AnTHtm 
and  HuBER  ^  the  caseose-s  and  gelatoses  act  similar  to   fibrin  pn>t«»se 
in  dogs.     The   coag:tdati(m    of    the  blood    of   wann4)lo<ided    aninials    is 
prevMjted  by  the  injection  of  an  effusion  of  the  mouth  of  the  officinal  leech 
oraFolution  of  the  active  substance  of  such  an  infusion,  ktT^idifi  (Franz), 
inl«  the  blood  rurrent  (HAvrRA  ft  ').     If  the  blood  Ls  alln\ve<  I  to  flow  dire<^tly, 
wfcile  stirring  it.  into  a  neutral  s^ilt  solution — best  a  saturatefl  magnesium- 
sulphate  solution  (1  voL  salt  s<ihition  and  3  vols,  lilood) — we  obtain  a 
mixture  of  bloml  and  salt  wliich  remains  uncoagidated  for  several  days.    The 
bloo<l-corpuscles  which,  becau.se  of  their  ailhes;iveness  and  elasticity,  would 
otherwise  pass  easily  through  the  pores  of  the  filter  paper  are  made  solid  and 
Ftif  by  the  salt,  so  that  they  may  be  easily  fi!tere<b     The  plasma  thus  ob- 
tained, which  does  not  coagidate  spontaneously^  is  called  salt-phisma. 
An  especially  good  method  of  preventing  coagulation  of  bliKxl  consists 
drawing  the  blood  mto  a  dilute  sohition  of  potassium  oxalate,  so  that 
he  mixture  contains  OT  per  cent  oxalate  (Arthus  and  Pages  *),    The 
nluble  calcium  salts  of  the  blood  are  precipitateil  by  the  oxalate:',  and 
nee  the  blood  loses  its  coagulability.     On  the  other  hautl,  Horxe  *  found 
hat  chlorides  of  calcium,  barium,  and  strontium,  when  present  in  large 
mounts  (2-3  per  cent),  may  prevent  coagulation  for  several  days.    Accord- 
to  Akthus  "  a  non-coa^rulable  blood-plasma  may  be  obtained  by  drawing 
be  blood  into  a  sodium  fluoride  solution  until  it  contains  0.3  per  cent  NaFl. 
On  coagulation  there  separates  in  the  previously  fluid  blood  an  insoluble 
a  very  difficultly  soluble  proteid  s\ibstance,  fibrin.     When  this  sepa- 
Ition  takes  place  without  stirring,  the  blood  coagulates  in  a  .solid  mass 
rt\ich,  when  carefully  severed  from  the  sides  of  the  vessel,  contracts,  and  a 
Jear,  generally  yellow-colored  liciuid,  the  blood-scrum^  exudes.    The  solid 
:*agulum    which    enclo.ses   the    blood-corpuscles    is    calle^l    the    blood-clot 
placenta  sanguinis).     If  the  bloml  is  beaten  durinjaj  coagulation,  the  fibrin 
&parates  in  elastic  threads  or  fibrous  masses,  and  the  dcjUmnoicd  blood 
rhich  separates  is  sometimes  called  cruor,'^  and  consists  of  bloofl-corpuscles 

>  Fano,  Du  Bois-Reyraond'»  Arch.,  1881 ;  Sehmidt-Mulhcim,  ibid.,  18S0. 

*  Arck  de  physiol.  (5),  S, 

•  Haycraft,  Proc.  Physiol  Soc,  1S84,  13,  and  Arch.  f.  ex|>.  Path,  u,  Pliarm.,  18; 
^ani,  Arch.  f.  oxpt.  Path.  u.  Phami..  49. 

*  Archives  de  Physiol.  (S)*  2,  and  Compt.  rend,,  112. 
'  Joum.  of  Physiot,  10. 

•  Joum,  de  Physioi  et  Phann..  3  and  4. 

'The  name  miftr  ia  used  in  different  senses.     We  sometimes  understand  thereby 
nly  the  blood  when  coagiiliited  in  a  red  solid  mass,  in  other  cases  the  blood-clot  after 
s  separation  of  the  serum,  and  lastly  the  sfKliment  consisting  of  reil  I  ilond -corpuscles 
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and  blood-serum.  Dofibrmatixl  blood  consists  of  blood-corpuscles  and 
serum,  while  iin coagulated  blood  consists  of  blood-corpuscles  and  blood- 
plajsma.  The  essential  chemical  difference  betweeji  blood-senim  and  bloocl- 
})lasnia  is  that  the  blood-serum  does  not  contain  even  traces  of  the  mother- 
substance  of  fibrin,  the  fibrinogen,  which  exists  in  the  blood-plasma,  and 
the  serum  is  proportionally  richer  in  another  body,  the  fibrin  ferment  (see 
page  146). 

L    BLOOD-PLASMA  AKB  BLOOD-SEEUM. 

The  Blood-|ilHsiiia. 

In  the  coagulation  of  the  blood  a  chemical  transformation  takes  place  in 
the  plasma.  A  part  of  the  proteids  separates  as  insoluble  fibrin.  The 
albuminous  bodies  of  the  plasma  must  therefore  be  first  described.  They 
are,  as  far  as  we  know  at  present,  fibrin^eny  nucleoproieid^  serglobtdins,  and 
scrciUmmins. 

Fibrinogen  >  which  according  to  ^Iathews  *  has  its  origin  in  a  destruc- 
tion of  the  leucocytes,  especially  those  from  the  intestine,  occurs  in 
blood-plasma,  chyle,  lymph,  and  in  certain  transudat^es  and  exudates. 
It  has  the  general  properties  of  the  globulins,  but  differs  from  other 
globulins  as  follows:  In  a  moist  condition  it  forms  whit-c  flakes  w^hich 
are  soluble  in  dilute  common  salt  salutionSj  and  which  easily  con- 
glomerate into  tough,  elastic  masses  or  lumps.  The  solution  in  NaCl 
of  ry-\0  per  cent  coagulates  on  heating  at  52-55^  C.|  and  the  faintly 
alkaline  or  nearly  neutral  weak  salt  solution  coagulates  at  56^  C,  or  at 
exactly  the  same  temperature  at  which  the  blood-plasma  coagulates. 
Fibrinogen  solutions  are  precipitateti  by  an  eciua!  volume  of  a  saturated 
common  salt  solution,  and  are  completely  precipitated  by  adding  an  excess 
of  NaCl  in  substance  (thus  differing  from  serglobulin).  A  salt-free  solution 
of  fibrinogen  in  as  little  alkali  as  possible  gi^es  with  CaCl^  a  precipitate  con- 
taining calcium  which  soon  becomes  irLSt)hible.  In  the  presence  of  XaCl  or 
by  the  atldition  of  an  excess  of  CaClj  tlie  precipitate  does  not  appear.^  It 
differs  from  myosin  of  the  mxiscles,  which  coagidates  at  about  the  same 
temperature,  and  from  other  proteid  bodies,  in  the  property  of  being 
converted  into  fibrin  under  certain  conditions.  Fibrinogen  has  a  strong 
decomposing  action  on  hydrogen  peroxide.  It  Ls  quickly  made  insoluble  by 
precipitation  with  water  or  with  dilute  acids.'  Its  specific  rotation  is 
(a)p=  —52.5^  according  to  Mittelbach.* 

which  is  obtained  from  defibiinated  blood  by  means  of  centrifugal  force  or  by  letting 
it  stand. 

*  Anier.  Jonrn.  of  Physiol, ,  3. 

'  Set!  Ilaminarstcn,  Zeitachr.  f.  physioL  Chem.,  22;  Cramer,  ibid.^  23, 
"  In  regard  to  fibrinogeti  the  rt^ader  is  referred  to  the  author's  investigationa.     Pflu- 
ger's  Archiv,  19  and  22,  and  Zeitdchr.  f.  phyaiol.  Chern.,  28. 

•  ZeiUchr  f.  physioL  Chem.,  ID. 
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Fibrinogen  may  be  easOy  separated  from  the  salt-plasma  or  oxalate- 
plasma  by  precipitation  with  an  equal  volume  of  a  saturated  NaCl  solution. 
For  further  purification  the  precipitate  is  pressed,  redissolved  in  an  8  per 
cent  salt  solution,  the  filtrate  precipitated  by  a  saturated-salt  solution  as 
above,  and  after  precipitating  in  this  way  three  times,  the  precipitate  at 
last  obtained  is  pressed  between  filter  paper  and  finely  divided  in  water. 
The  fibrinogen  dlissolves  with  the  aid  of  the  small  amount  of  NaCl  con- 
tained in  itself,  and  the  solution  may  be  made  saltrfree  by  dialysis  with  very 
fiuntly  alkaline  water.  Fibrinogen  may  also,  according  to  Reye,*  be  pre- 
pared by  fractionally  precipitating  the  plasma  with  a  saturated  solution 
of  ammonium  sulphate.  We  have  no  investigations  as  regards  the  purity 
of  the  fibrinogen  so  prepared.  From  transudates  we  ordinarily  obtain 
a  fibrinogen  which  is  strongly  contaminated  with  lecithin  and  which  can 
hardly  be  piuified  without  decomposing  it.  The  methods  for  the  detection 
and  quantitative  estimation  of  fibrinogen  in  a  liquid  were  formerly  based 
on  its  property  of  yielding  fibrin  on  the  addition  of  a  little  blood,  of  serum, 
or  of  fibrin  ferment.  Reye  has  suggested  the  fractional  precipitation  with 
ammonium  sulphate  as  a  quantitative  method.  The  value  of  this  method 
has  not  been  suflSciently  t^ted. 

Fibrinogen  stands  in  close  relation  to  its  transformation  product, 
fibrin. 

Fibrin  is  the  name  of  that  proteid  body  which  separates  on  the  so-called 
spontaneous  coagulation  of  blood,  lymph,  and  transudates  as  well  as  in  the 
coagulation  of  a  fibrinogen  solution  after  the  addition  of  serum  or  fibrin 
ferment  (see  below). 

If  the  blood  is  beaten  during  coagulation,  the  fibrin  separates  in  elastic, 
fibn>us  masses.  The  fibrin  of  the  blood-clot  may  be  beaten  to  small,  less 
elastic,  and  not  particularly  fibrous  lumps.  The  tjq^ical,  fibrous,  and 
elastic  white  fibrin,  after  washing,  stands  in  regard  to  its  solubility  close  to 
the  coagulated  proteids.  It  is  insoluble  in  water,  alcohol,  or  ether.  It 
expands  in  hydrochloric  acid  of  1  p.  m.,  as  also  in  caustic  potash  or  soda 
of  1  p.  m.,  to  a  gelatinous  mass,  which  dissolves  at  the  ordinary  tempera- 
ture only  after  several  days;  but  at  the  temperature  of  the  body  it  dissolves 
more  readily  although  still  slowly.  Fibrin  may  be  dissolved  by  dilute  salt 
solutions  after  a  long  time  at  the  ordinary  temperature  or  much  more 
readily  at  40*^  C,  and  this  solution  takes  place,  according  to  Arthus  and 
HuBER  and  also  Dastre,*  without  the  aid  of  micro-organisms.  Accord- 
ing to  Green  and  Dastre  '  two  globulins  are  formed  in  this  solution  of 
fibrin.  Fibrin  decomposes  hydrogen  peroxide,  due  to  a  contamination  with 
catalase,  but  this  property  is  destroyed  by  heating  or  by  the  action  of 
alcoliol. 

*  W.  l?eye,  Dber  Nachweb  und  Bestimmung  des  Fibrinogens,  Inaug.-Diss. ,  Strass- 
burg,  1898. 

'  Arthus  and  Hubcr,  Arch,  de  physiol.  (5),  5;  Dastre,  ibid.  (5),  7. 
'  Green,  Joum.  of  Physiol.,  8;  Dastre,  1.  c. 
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What  has  been  said  of  the  solubility  of  fibrin  relates  only  to  the  typicil 
fibrin  obtained  from  the  arterial  blmtrl  of  mammals  nr  man  by  whippini; 
and  wasliin^  fvrst  with  water  and  with  common  salt  solution  and  then 
with  water  again.  The  blood  of  various  kinds  of  animals  yields  6brin  with 
somewhat  different  properties,  and  according  t«  Ferm!  *  pi«;-fil)riu  dl*^olves 
much  mnro  readily  in  hydrnchlorie  acid  of  5  p,  m.  than  ox-fibrin.  Fibrins 
of  varying  purity  or  originating  frc^m  blood  from  dilTerent  parts  of  the  body 
have  unlike  solubilities. 

The  fil>riu  obtained  by  l>eatirij[^  the  l^lood  and  purified  as  above  de- 
scribeil  h  always  contaminated  by  enclosed  blondH'oriiuscIe.s  or  remains 
thereof,  and  also  by  lymphoid  cells.  It  can  orily  be  obtaiucfl  pure  from 
filtercil  jdasma  or  hlteretl  transudates.  For  the  pure  jircparation,  as 
well  as  for  the  quantitative  estinuilion  of  filjrin,  the  spontaneously  coagu- 
lating liquid  is  at  once,  or  the  non-spontaneously  coagidathig  iiqnid 
only  after  the  addition  of  blond-sertim  or  fibrin  fenuent.  thoroughly 
beaten  with  a  whalebone,  and  the  separated  coagidum  is  washeci  finst  in 
water  and  then  with  a  5  per  cent  crjmmou  salt  solution,  and  again 
with  water;  and  fuially  extracted  with  aJcohul  and  ether.  If  the  fibrin  is 
allnwod  to  stand  in  contact  with  the  biood  fntm  winch  it  wa,s  funued  for 
some  time,  it  partly  dissolves  {j^hrinohjsis — Dastr?:  ^),  This  filmnolysis 
must  be  prevented  in  the  exact  quantitative  estimation  iif  fibrin  (Dastrk). 

A  pure  fibrinogen  solution  may  be  kept  at  the  ordinary  temperature 
until  putrefaction  b^ins  without  showing  a  trace  of  fibrin  coagidation. 
But  if  to  this  solutiiin  is  added  a  water-washed  fibrin-clot  or  a  little  liliHid- 
semm,  it  immediately  coagulates  and  may  yield  peifectly  typical  fibrin. 
The  transformation  of  the  fibrinogen  into  fibrin  recjuires  the  presence  of 
another  body  coutnined  in  the  bl^jotl-clot  and  in  the  senmi.  This  body, 
whose  importance  in  the  coagulation  of  fibrin  was  first  obsened  by 
BucHANAX,'  was  later  rediscovered  l>y  Alkxaxder  ScH:^tiDT*  and  desig- 
natetl  as  fibrin- ferrnent  or  ihroinbin.  The  nature  of  this  eiizymotic  body  has 
not  been  ascertained  with  certainty.  Although  many  investigators, 
especially  English,  consider  fibrin-ferment  as  a  globulin,  still  more  recent 
experiment's  of  Pkkkluartxg  and  others  show  that  it  is  a  nucleoproteid 
which  according  t-o   HuiSKAiip'^   occurs  in   the  th3'mus  gland  partly  as 

>  Zeitschr.  f.  Bblogte,  28. 

'  Archives  de  Ph>*BioL  (o),  5  and  IV 

■  Lomlon  Med.  Gazette,  1845,  G17.     Cit.  by  Gamgee,  Journal  of  Physiol ,  1S79. 

*  rfluger's  Arch.,  6;  see  also  Ziir  Elutlehre,  1S02,  and  Weitere  Beitrage  lur  Blut- 
lehre.  189,-1. 

*  Pekclhiuriiig,  Verhandel.  d.  kon*  Akad.  d.  Wctensch.  te  Amsterdam,  1892.  Deel  1 ; 
ibid,,  1S95,  and  Centralbl,  f.  phyaiol,  9;  Wright,  l^roc,  Roy.  Irish  Ae^d.  (3K  2,  The 
Lancet,  1892,  and  On  Wooldridge's  Method,  etc,  British  Med.  Journal,  1891;  Lilien* 
ft'lil,  Hirmfltol.  ITnterauch.,  Dy  Bob-Reymond's  Arch.,  1S92;  Uber  Leukocyten  und 
Blutgerinnung,  ibid,;  Halliburton  and  Brodie,  Journal  of  Physiol.,  17  and  IS;  Huia- 
kamp,  Zeitschr.  L  physiol  Chem.,  32;   Pekelharing  and  Huiskampr  ibtd.,  39. 
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nucleohiston  and  partly  iii  another  form.       Fibrin  ferment  is  produced, 
affording  to  Pkkelharino,  by  the  iiifluenee  of  soluble  calcium  salts  on  a 
prtft>fmed    zymogen    existing    in    the    non-coagulated   pla^snia.    8chmidt 
admits  of  the  presence  of  such  a  mother-substance  of  the  fibrin  ferment 
in  the  blood  and  calls  it  prothrombin.     Thrombin  corret^pi>nds  to  other 
ermines  in  that  the  ver\^  smallest  aniDUUt  of  it  produces  an  action  and 
iU  solution  becomes  inactive  on  heating.     The  investigations  of  Fi^ld  *  on 
the  velocity  of  coagulation  with  varying  quantities  uf  thrf>mbiu  have  given 
us  a  more  positive  proof  as  to  the  enzymotic  nature  td  thmmbia.     He 
found   that   at    least    within    certain    limits    an    increase  of    double   the 
quantity  of  enzA-me  causes  an  increiisecif  the  coagulation  velocity  to  one 
md  one  half  and  that  the  time  of  the  thrombin  action  seems  to  stand  in 
close  relationship  to  the  nde  found  by  ScHurz  for  the  digesti\^e  enzymes. 
The  optimum  of  the  tJirombin  acticm  lies  at  about  40°  C;  at  70-75*^  C.  the 
enzyme  is  destroyed.    The  questitm  as  to  whether  the  thrombin  found  in 
different  animals  is  the  same  substance  or  whether  we  find  several  throm- 
bins has  not  been  decided,  but  the  latter  is  more  probable. 


Bt> 


The  isolation  of  the  fifirin-fernTent  has  been  tried  in  several  ways. 

rdinarily  it  may  be  prepared  by  the  followiog  method  pn>posed  by  Alex, 

*S;H-\finT.^     Prc*cipitate  the  senim  or  defibriuated  bloofl  with  15^20  vols,  of 

alcr>hol  and  allow  it  to  stand  a  few  moiuli.s.     The  precipitate  is  then  filtered 

I  dried  over  sulphuric  acid.    The  ferment  may  be  extracted  from  the 

rie*i  powder  by  means  of  water.     CHher  methods  have  been  suggested  by 

"  v*»tvi\ii.sTEX  and  by  Fkkkliiaring,^ 

llie  preparation  v(  a    thmmbin  solution  as  free  as  possible  from  lime 

lay  be  done  by  removing  the  lime  salts  from  the  senim  by  means  of  oxalate 

n^l  precipitating  the  senm)  with  alcrjlud  and  allowing  it  to  stand  under 

Icohol  for  several  months.     The  dried  powiler  is  mbfied  with  water  and 

rc*ed  fmm  soluble  salts  by  repeated  ILxiviation  with  water  and  the  use  of 

eentrifugal  force.     Then  allow  each  gram  o(  powtler  to  stand  some  time  with 

lfKVl5C»c.c.  Waaler,  filter,  and  in  this  way  olitain  a  solutirm  which  contaia'^ 

only  about  0.3-0.4  p.  m.  solids  and  about  0.0007  p.  m.  CaO.  (IIammarsten.) 

If  a  fibrinogen  solution  containing  salt,  as  above  prepared,  is  treated 
ith  a  solution  of  fibrin-ferment,  it  coagulates  at  the  ordinary^  tempera- 
ire  more  or  less  quickly  and  yields  a  typical  fibrin.     Pesides  the  fibrin- 
ferment  the  presence  of  neutral  salts  is  necessar}%  for  without  them  Alex, 
CHMIDT  has  shown  that  fibrin  coagulation  does  not  take  place.    The  presence 
l>f  soluble  calcium  salts  is  not,  a*s  genenilly  admitted,  a  positive  condition 
the  formation  of  fibrin,  because  as  shown  by  Alex.  Scomidt,  Pekel- 
iBiNO,  and  Hammarsten%*  thrombin  can  transform  fibrinogen  into  typical 

^Hofroeister's  BeitragCj  2. 
'Pfliiger's  Arch.,  0, 

•  Hannmarsten,  Pfluger'a  Arch.,  IS;   Pekelharing,  1.  c. 

*Sec  Hammarsten.  Zeitachr,  f    physioL  Chem.,  22,  which  also  cites  the  works  of 
efamidt  and  Pekelharing,  and  ibtd^,  28. 
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fibrin  in  the  absence  of  lime  salts  precipitable  by  oxalate.  The  fibrin  Is  not 
richer  in  lime  than  the  fibrinogen  (HAM.\rARSTEN)  user!  to  prepare  it  if  the 
fibrinogen  and  thrrimbin  .soKitifin  are  emiihtyeti  as  lime-free  as  ]xissible  and 
the  view  that  the  fibrin  formation  is  connected  with  a  taking  up  of  lime  has 
been  shown  to  be  untenable.  The  quantity  of  fibrin  obtained  on  coagula- 
tion Ls  always  smaller  than  the  amount  of  fibrinogen  fnrm  which  the  fibrin 
is  derived,  and  we  always  find  a  small  amount  of  protein  substance  in  the 
solution.  It  is  therefore  not  imprt)ba}>le  that  the  fibrin  coagulation,  in 
accordance  with  the  views  first  proposed  by  Dkxis,  is  a  cleavage  jjroceis  in 
which  the  soluble  fibrinogen  is  split  intx:*  an  insoluble  proteid^  the  fibrin^ 
w^hich  fornns  the  cljief  mass,  and  a  soluble  protein  substance  which  is  only 
produced  in  small  amounts.  We  find  a  globulin-like  substance  which  coagu- 
lates at  about  64"^  C.  in  blood-senmi  as  well  as  in  the  serum  from  coagulated 
fibrinogen  solutions.  This  substance  is  called  fibrin-glob idin  by  Hammajisten. 
The  question  whether  this  substance  exists  in  the  fibrinogen  solution  bs 
contamination  or  Ls  fonued  iis  a  true  cleavage  product  has  not  been  posi- 
tively decided,  and  the  question  whether  in  the  fibrinogen  coagulation  a 
cleavage  takes  place  or  not  also  requires  further  investigation.^ 

There  exist  also  other  views  in  regard  to  the  processes  of  coagulation  in  the 
formation  of  fibrin  which  are  even  less  positively  founded.  The  fact  that  the 
soluble  lime  salts  are  not  necessary  for  the  transformation  of  fibrinogen  into 
fibrin  is  not  in  contradiction  to  the  other  fact  that  they  must  be  present  in 
the  coagulation  of  blood  or  plasma.  This  apparent  contradiction  may  be 
explaine<l,  as  shown  later^  by  the  special  condition  of  the  blood-plasma,  and 
we  must  not  overlook  the  fact  that  the  coagulation  of  the  hkxMl  is  a  much 
more  complicated  process  than  the  coagulation  of  a  fibrinogen  solution,  ■ 
inasmuch  as  the  first  involves  other  important  questions,  as,  for  instance^  f 
the  reason  for  the  blood  remaming  fluid  in  the  body,  the  origin  of  the 
fibrin-ferment,  and  the  importance  of  the  form-elements  in  the  cc^agidation, 
etc.  A  fuller  discussion  of  the  various  hypothese-s  and  theories  concern- 
ing the  coagulation  of  the  blood  must  therefore  be  given  later. 

Nucleoprotcid.  This  substance,  whirh,  m  above  nientioried,  is  considered 
by  Pkrelhaiung  and  Hi'Iskamp  ns  identical  with  the  prothrombin  or  thrornbiti, 
occurs  in  the  blood-plasma  as  well  as  in  the  scrum  and  is  precipitated  from  the 
latter  with  the  globulin.  It  is  similar  to  the  gloliuliii  in  that  it  is  readily  ^olulile 
in  neutral  salt  sjoiution  and  can  be  conif^letely  sjilted  out  on  satyration  with 
magnesium  sulphate  and  only  separates  in<'ompletely  on  d]a]3r8ia.  It  is  much 
less  soluble  than  scrp:lobiilin  in  an  excess  of  dilute  acetic  acid  and  congou lates  j 
at  05-69'^  C  The  difficulty  of  solution  in  acetic  acid  is  u^d  by  Pekelharing  ■ 
as  an  important  meaii^of  separating  the  compound  protcid^  from  ttic  globulins* 

Serglobulins,  also  called  pttmglohvlin  (Kuhne),  fibrinoplosiic  .mbstan^e 
(Alex.  ScHNnoT),  Berum-casein  (pA^a'M^),  occur  in  the  plasma,  serum, 

*  S^e   Hammarsten^  Zcitschr.  f.  physiot  Cliem.,  28,  and   Heuhner,  Arch,  f,  expt. 
Path.  XL  Phann,»  49. 

*  Kiihne,  L('hrl:»uch   d.  physloL    Chem..    l.eipzig,    lStitVt>8;     Al*  Schmidt,  Arch,  t 
Anat.  u.  PhyaioL,  18(>l-62;  Paiimn,  Vi  re  how 'a  Arch.»  3  and  4. 
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lymph,  transudates  and  exudates,  in  the  white  and  red  corpuscles,  and 
probably  in  many  animal  tissues  and  form-elements,  though  in  small  quan- 
tities.   It  is  also  found  in  the  urine  in  many  diseases. 

The  so-called  serglobulin  is  without  doubt  not  an  individual  substance^ 
but  consists  of  a  mixture  of  two  or  more  protein  bodies  which  cannot  be 
completely  and  positively  separated  from  each  other.  The  mixture  of 
globulins  obtained  from  blood-plasma  or  blood-serum  by  saturation  with 
magnesium  sulphate  or  half-saturation  with  ammonium  sulphate  consists 
of  nucleoproteid,  fibrin  globulin,  and  the  true  serglobulin  or  mixture  of 
globulins. 

The  nucleoproteid  has  already  been  discussed.  The  fibrin  globulin, 
which  occurs  in  the  serum  only  in  small  amounts,  can  be  completely  pre- 
cipitated by  NaCl.  It  has  the  general  properties  of  the  globulins,  but 
differs  from  the  serglobulins  by  a  lower  coagulation  temperature,  64- 
66®  C,  and  also  in  that  it  is  precipitated  by  (NHJjSO^  even  at  28  per  cent 
saturation. 

If  the  globulin  obtained  by  saturation  with  magnesium  sulphate  is 
dialyzed,  then,  as  has  been  knowTi  for  a  long  time  and  further  sub- 
stantiated by  Marcus,  only  a  part  of  the  globulin  separates  out,  while  a 
portion  remains  in  solution  and  cannot  be  precipitated  by  the  addition  . 
of  acid.  For  this  reason  Marcus  ^  also  differentiates  between  a  water-soluble 
globulin  and  one  insoluble  in  water.  According  to  the  recent  investi'^^a- 
tions  of  HoFMEisTER  and  Pick  '  the  part  insoluble  in  water  corresponds 
chiefly  to  a  globulin  fraction  readily  precipitated  by  (NH4)2S04  (by  28-36  vol. 
per  cent  saturated  solution)  and  the  part  soluble  in  water  corresponds 
to  a  more  difficultly  precipitablc  fraction  (by  36-44  vol.  per  cent  satur- 
ated solution).  The  first  fraction  is  called  cuglohulin  and  second  psciulo- 
globnlin.  According  to  Porges  and  Spiro  '  the  serglobulins  can  be  se])a- 
rated  by  (NHJj'SO^  into  three  fractions  whose  precipitation  limits  are 
28-36,  33-42,  and  40-46  vol.  per  cent  saturated  solution.  All  three  frac- 
tions contain  globulin,  insoluble  in  water.  Freund  and  Joachim  *  have 
recently  found  that  the  euglobulin  as  well  as  the  pseudoglobulin  fraction 
is  a  mixture  of  globulin  soluble  in  water  and  globulin  insoluble  in  water 
and  consequently  the  number  of  different  globulins  in  the  serum  can  be 
still  greater. 

It  follows  from  all  these  investigations  that  either  the  difference  between 
the  globulin  soluble  in  water  and  that  insoluble  is  not  sufficient  or  that  the  frac- 
tional precipitation  with  ammonium  sulphate  is  not  suited  for  the  separation  of 
the  various  globulins.  It  must  not  be  forgotten  that  the  globulin  fractions  are 
always  contaminated  with  other  serum  constituents  and  that  they  may  iniluenee 

»  Zeitschr.  f.  physiol.  Chem.,  28. 
'  Hofmeister's  Beitriige,  1. 

*  Zeitschr.  f.  physiol.  Chem.,  36. 
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the  solubilities  and  precipitation  power*  As  Hammarstex  has  shown,  a  water- 
soluble  globuiin  t\in  L>e  transformed  into  a  globulin  insoluble  in  water  by  careful 
purification,  and  aLso  the  reverse,  namely,  a  globulin  ins<3luble  in  water  can  some- 
times be  converted  into  one  soluble  in  water  by  allowing  it  to  he  in  the  air.  An 
insoluble  proteid  like  ciisein  can  also,  ac(*ording  to  HaxMMarsten/  have  the  solu- 
bilities of  a  frlubuliri  due  to  contamination  with  constituent??  of  the  8erumj  and 
K.  MunNKri*  has  also  shown  that  a  contamination  of  the  serum  globulins  with 
poap  <-an  essentially  modify  the  precipitation  of  these  globulins.  Under  theae 
circumstances  the  above  statements  in  regard  to  the  different  globuhn  fractions 
must  be  accepted  with  great  caution. 

The  investigations  made  thus  far  ypon  the  so-called  serglobulin  have 
not  leil  to  any  positive  results.  That  this  globulin,  with  the  exception  of 
the  enzymes,  iramune  boilies,  and  other  unknowTi  substances  wdiich  are 
carried  down  hy  the  various  fractions,  is  a  mixture  of  globulins  there  seema 
to  be  no  dould.  The  serglobuliii  or  the  globulin  mixture  which  is  obtained 
from  the  seriuii  by  the  methods  to  be  deseribetl  has  the  following  proper- 
ties. 

In  a  moist  condition  it  forms  snow-white  flaky  masses,  neither  tough 
nor  elastic,  which  always  contain  thrombin  and  hence  can  bring  about 
coagulation  in  a  fibrinogen  solution.  The  neutral  solution  is  only  inconi- 
pletely  precipitated  by  NaCl  added  to  saturation  and  is  not  precipitated 
by  an  equal  volume  of  a  saturated  salt  solution*  It  is  only  partly  precipi- 
tated by  dialysis  or  by  the  addition  of  acid.  On  saturation  vdxh.  mag- 
nesium sulphate  or  one  half  saturation  with  ammonium  sulphate  a  com- 
plete precipitatitm  is  obtained.  The  coagulation  temperature  is,  with 
5-10  per  cent  NaCl  in  solution,  69-76*^,  but  more  often  75°  C.  The 
s]jecific  rotation  of  the  solution  containing  salt  is  (a)D=  ~  47.8'^  for 
the  serglobulin  from  ox-blood  (Fkedericq  ®),  The  various  glob\din  frac- 
tions do  not  differ  essentially  from  each  other  hi  their  coagulation  tem- 
peratures, specific  rotation,  refraction  coefhcient  (Eeiss  *),  aiul  their  elemen- 
tary composition.  The  average  composition  is,  according  to  IIamalarsten, 
C  52.71,  n  7.01,  N  15.85,  S  111  per  cent,  K.  Morxer*  ffmnd  1.02  per 
cent  sulphur  anil  0.57  per  cent  leail-blackening  sulphur.  M  the  sulpbiu' 
seems  to  exist  as  cystin. 

Serglobulin  contains,  as  K.  Morner  first  showed,  a  carbohydrate 
grrnjp  which  can  be  split  off.  Langsteix  **  has  obtahietl  several  carbo- 
hydrates from  the  blood-globulin » namely  dextrose,  lx*vulose,  an  animo  hexose 
not  identical  with  glucosamine,  and  probably  a  Ijevorotatory  aldose  and 

*  See  numinjijraten  p  Ergebnisse  d,  PhysioK,  1,  Abt.  I, 

*  Zeitsclir,  f .  physio!,  Chem. ,  34. 

'  Bull-  Acad,  Roy.  de  Belg.  (2),  50.  In  regard  to  paraglobulia,  see  Hamraarstea, 
Ffluger's  Arch  ,  17  and  18,  and  Ergebaidsc  d.  Phj^ioL,  1,  Abt.  I. 

*  Ilofmc?ister-s  Fieitr:ige,  4. 

*  Zeitschr*  f.  physioL  Chem,,  34. 

5  Morner,  Centndbl.  f.  Physiol  ^  7;  Langstein,  iliinch.  metl.  Wocheiuwihr.,  1902, 
1876,  and  Wieo.  Sitx.-Ber.,  112,  AbL  1H>,  1903. 
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cirbohydrate  acids  of  unknown  constitution.  It  has  not  been  Bhown 
whether  these  small  amounts  of  carbohydrate  are  derived  from  the  globu- 
lin or  from  other  contaminating  bodies.  According  to  Zanetti  the  blood- 
senim  contains  a  glueoproteid,  and  the  investigatians  of  Eichholz  ^  seem 
to  show  that  the  globulins  are  contaminated  by  a  glueoproteid. 

Serglobulin  (the   euglobulin)  may  be  easily  separated  as  a  fine  floc- 
fulent  precipitate  from   blood-senim  by   neutralizing  or  making  faintly 
acid  with  acetic  acid  and  then  diluting  with  10-2(1  vols,  of  water.     For 
further  purification   this  precij'itate   Is    dlspolvod   in  dilute  comnioii  r?alt 
jution,  or  in  water  by  the  aid  of  the  smallc^^t  possible  amount  of  alkali, 
d  then  reprecipitated  by  diluting  with  water  or  by  the  addition  of  a 
Sttle  acetic  acid.     All  the  serglobulin  may  also  be  separated  from   the 
rum  by  means  of  magnesium  or  ammonium  sulphate;   in  these  cases  it 
difficult  to  completely  remove  the  salt  by  dialysis.     Ab  long  as  we  are 
i  united  as  to  the  number  of  globulins  in  the  serum  it  is  not  necessarv* 
give  a  method  of  separating  the  various  globulins  in  this  mixture.    Thus 
T  tJie  fractional  precipitation  with  (NHJoSO^  has  l>een  used  chiefly.    The 
i^lobulin    from    bkxid-serum   is    always    contaminated   by    lecithin    and 
rombin.     A  serglobulin  free  frf:»m  thrombin  may  l>e  prepared  fn:>m  fer- 
lent-free  transudates,  as  sumetimes  fn^m  hydrocele  fluids,  and  this  shows 
t  serglobulin  and  thrombin   are  different  bo<[ies.     For  the  detection 
d  the  quantitative  estimation   of  serglobidin  we  may  use  the  precipi- 
tation by  magnesium  sulphate  added  to  saturation  (Hammarsten),  or  by 
an  equal  volume  of  a  saturated  neutral  ammonium-sulphate  solution  (Hof- 
EisTER  and  Kaudkr  and  Pohl^).     In  the  quantitative  estimation  the 
recipitate  is  collected  tm  a  weighed  filter,  washed  with  the  salt  solution 
nployed,  dried  with  the  filler  at  about  115*^0.,  then  washed  with  boiling- 
ot  water*  so  as  to  completely  remove  the  salt,  extracted  with  alcohol  and 
ether,  dried,  weighed  and  incinerated  to  determine  the  ash. 


Seralbumins  are  found  in  large  quantities  in  blood-serum,  blood-plasma, 
yraph,   transudates,  and  exudates.     Probably  they   abo  occur  in  other 
mimal  fluids  and  tissues.     The  proteids  which  pass  into  the  urine  under 
ithological  conditions  consist  largely  of  seralbumin. 

The  seralbumin  like  the  serglobulin  seems  also  to  be  a  mLxture  of  at 

east  two  proteid  botlies.    The  preparation  of  crystalline  seralbumin  (from 

:>rs€-«erum)  was  first  performed  by  Gtrber.     It  crystallizes  with  difficulty 

other   blood-sera    {Gruzewsiv.v),     Even    from   horse-senmi   only   a 

ion  of  the  albuniius  is  olitained  as  crj'stals,  and  it  is  also  possible  that 

be   amorphous   albumin,  which   is  preciptiated  by  ammonium  sulphate 

I'ith  difficulty,  represents   two   seralbumins  (Maximowttsch).     According 

the  statements  of  Gurber  and  Michel  it  seems  as  if  the  crystalline 

eralbumin  is  also  a  mixture,  but  this  is  disproved  by  reason  of  the  obscr- 

'  Zanetti,  Chem.  Centr&lhl.,  1S98, 1,  624;  Eichholz,  Joum.  of  Phy*Jol,,  23. 

*  HatnmaTBten,  I.  c. ;  Hofmeister,  Kauder  and  Pohl,  Arch.  f.  exp.  Path.  u.  Pharm., 
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vations  of  Schulz,  Wichmann  and  Krieger,*  We  know  nothing  as  to 
the  l>ehavior  of  the  anior]:>hous  fraction  of  tlie  semlbuiiiin  in  this  regard. 
For  reason  tif  tlie  different  coa^ilation  temperature  Halliburton  claims 
the  existence  of  three  different  albumins  in  the  blood-serum,  a  view  which 
has  been  disputed  from  several  sides  and  recently  by  Hougardy.  On 
the  other  hand,  the  older  investigations  of  Kauder,  as  well  as  the  more  | 
recent  of  Oppexheimeh,*  seem  to  indicate  a  non-unit  nature  of  the  seral- 
bumins,  but  still  this  question  is  an  open  on^. 

The  cr}*stalliiie  seralbumin  may  perhaj>s  be  a  combination  with  sulphuric 
acid  (K*  Morner).  The  coagulated  albumin  obtained  imm  the  aqueous 
solution  of  the  crystals  by  the  aid  of  alccfhol  has  nearly  the  same  elementar}' 
cnmposttitjn  (Mi<  hel)  as  the  amnrphous  mixture  of  albumin  preparetl  from 
horse-serum  (Hammarsten  and  K,  Starke  ^).  The  average  composition  w^as 
C  53.06,  fl  6.9S,  N  15,90,  S  1.84  per  cent.  K.  :iIaRxi:R,  after  the  removal 
of  the  sulphuric  acid  from  crystalline  albumin,  found  1.73  per  cent  total 
sulphur,  w^hich  probably  exists  ooJy  as  cyst  in.  Langstein  *  hiis  been  able 
to  split  off  a  nitrogenous  carbohydrate  (glucosamine)  frtim  crystalline  seral- 
bumin. The  quantity  was  so  small  that  the  question  Is  stUl  undecided 
whether  or  not  the  carbohydrate  was  not  a  contamination.  The  spetrific 
rotation  of  crystalline  seralbumins  from  horse-serum  was  found  Ijy  Michel 
to  be  {a ) J)  =^ —61-61.2°  and  bv  MAXI^towITSCH  on  the  contran^  («)d^^ 
47.47^. 

The  cr}'stalline  and  amorjihotis  seralbumin  in  aqiieous  solution  give 
the  ordinary  albumin  reactions.  The  coagulation  temperature  of  a  1  per 
cent  solution  poor  in  salt®  is  about  50°  C,  but  rises  with  the  quantit}^  of 
salt.  The  coagulation  of  the  mixture  of  albumins  from  semm  generally 
takes  place  at  70-85°  C,  but  is  essentially  dependent  upon  the  redaction  and 
the  amount  of  salt  present.  Up  to  the  present  time  no  seralbumin  sokition 
has  been  preparetl  free  from  mineral  bodies.  A  solution  as  free  from  salts 
as  possible  does  not  coagulate  either  on  bL>iling  or  on  the  addition  of  alco- 
hol.    On  the  addition  of  a  httle  common  salt  it  coagula,tes  in  both  cases,* 

Seralbumin  differs  from  the  albumin  of  the  white  of  the  hen's  egg  in 
the  following  particulars:  It  is  more  lapvogA^ratc;  the  precipitate  formetl  by 
hydrochloric  acid  easily  dissolves  in  an  excess  of  the  acid;  it  is  rendered 
less  insoluble  by  alcohol. 

'  In  regard  to  the  literature  on  the  crystalline  seralbumins.  see  Schulz:  Die  Kristal- 
ItsatioD  von  P^iweisastofTen.  Jena*  IWl  ;   Maxiniowitsch,  Maly's  Jfthresber.j  3I»  3.5. 

*  Ilallihurton*  Journ.  of  PhysioL,  U  and  7;  Hougardy.  CentralbL  f,  PhysioL,  15, 
665;  Oppcuhcimer,  VeilLHTuil  d.  physiol.  Geseliach. ,  Berlin,  1902. 

"Michel,  VerhandL  d.  phys. -med,  Gesellsch.  zu  Wtirzburg,  29,  No.  3;  K.  St&rke 
Maly's  Jahresber,  11. 

*  K.  Morner,  1.  c;  Langstein,  Hofmeister's  Beitragep  1. 

*  In  regard  to  the  relatiotiahip  of  neutral  salts  to  heat  coagulation,  see  J.  Starke, 
Sitzungsber.  d.  Gesellsch.  f.  Morph.  u.  Physiol,  ia  Miinchen,  1897. 
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In  preparing  the  seralbumin  mixture,  first  remove  the  globulins  accord- 
ing to  Johansson,  by  saturating  with  magnesium  sulphate  at  about  30°  C. 
and  filtering  at  the  same  temperature.    The  cooled  filtrate  is  separated 
from  the  cr>'stallized  salt  and  is  treated  with  acetic  acid  so  that  it  contains 
about  1  per  cent.     The  precipitate  formed  is  filtered,  pressed,  dissolved 
in  water  with  the  addition  of  alkali  to  neutral  reaction  and  the  solution 
freed  from  salt  by  dialysis.     The  mixture  of  albumins  may  be  obtained 
in  a  solid  form  from  the  dialyzed  solution  by  either  evaporating  the  solu- 
tion at  a  gentle  temperature  or  by  precipitating  with  alcohol,  which  must 
be  quickly  removed.     Starke  *  has  suggested  another  method,  which  is 
also  to  be  recommended.     The  crA'stallinc  seralbumin  may  be  prepared 
from  serum,  freed  from  globulin  by  half  saturating  with  ammonium  sul- 
phate, by  the  addition  of  more  salt  until  a  cloudiness  occurs  and  then 
proceeding    according   to   the   suggestion   of   Gt''RMf:R   and    Michel.    P.y 
acidification  with  acetic  acid  or  sulphuric  acid  the  cr>^stallization  may 
be  considerably  enhanced.^     In  the  detection  and  quantitative  estimation 
of  seralbumin  the  filtrate  from  the  globulin  precipitated  with  m^nesium 
sulphate  can  be  heated,  after  acidification  with  a  little  acetic  acid  if  neces- 
sary.     The  quantity  of  seralbumin  is  best  calculated  as  the  difference 
between  the  total  proteids  and  the  globulin. 

Summary  of  the  elementary  composition  of  the  above  mentioned  and  descril>ed 
proteids  (from  horse-blood): 

C  H  X  S            O 

Fibrinogen 52.93  6.90  16.66  1.25      22.26  (IIammarsten) 

Fibrin 52.68  6.83  16.91  1.10      22.48 

Fibrin-globulin 52.70  6.98  16.06       

Serglobiilin 52.71  7.01  15.85  1.11       23.32 

Seralbumin 53.08  7.10  15.93  1.90      21.96  (Michel) 

Laxgstein  '  has  also  detected  in  blood-senmi  a  proteose-like  proteid 
substance  which  acconling  to  him  occurs  preformed  in  the  blood. 

The  Blood-serum. 

As  above  stated,  the  blood-scrum  is  the  clear  liquid  w^hieh  is  pressed  out 
by  the  contraction  of  the  blood-clot.  It  differs  chiefly  from  the  plasma  in 
the  absence  of  fibrinogen  and  an  abundance  of  fibrin  ferment.  Considered 
qualitatively  the  blood-scrum  contains  the  same  chief  constituents  as  the 
blood-plasma. 

Blood-serum  is  a  sticky  liquid  which  is  more  alkaline  towards  litmus 
than  the  plasma.  The  specific  gravity  in  man  is  1.027  to  1.032,  avora<ro 
1.028.  The  color  is  often  strongly  or  faintly  yellow;  in  human  blood- 
serum  it  is  pale  yellow  with  a  shade  towards  green,  and  in  horses  it  Ls  often 
amber-yellow.     The  serum  is  ordinarily  clear;    after  a  meal  it  may  be 

^Johansson,  Zeitschr.  f.  physiol.  Chem.,  9;  K.  Starke,  Maly's  Jahresber.,  11. 
*See  Hopkins  and  Pinkus,  Journ.  of  Physiol.,  23;  Krie^cr,  t;ber  die  Darstellung 
kiystallinscher  tierischer  Eiweissstofife,  Inaug. -Dissert,  Strassburg,  1899. 
■  Hofmeister's  Beitrage,  3. 
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fOpalescent,  cloudy,  or  milky  white,  according  to  the  amount  of  fat  contained 
in  the  food. 

Besides  the  above-mentioned  bodies,  the  following  constituents  are 
fouml  in  the  blood-plasma  or  blood-senim: 

Fat  occurs  fmm  1-7  p.  m.  in  fasting  animals.  After  partaking  of  food 
the  anioimt  is  inrrease^l  to  a  great  extent.  Soaps,  cholrstcrin,  and  kciihin 
are  also  found.  Chrvlc^terin  occurs,  according  Xu  HuRTHLE,^at  least  in  part, 
as  fatty -acid  esters  (serolin  according  to  Boudet), 

Sugar  seems  to  be  a  physiological  constituent  of  the  plasma  and  serum. 
According  to  the  investigations  of  Abeles,  Ewald,  Kl^lz^  v,  Merixg, 
Pavy,  Seegen,  and  Miura  -  the  sygar  found  is  dextrose.  Str.\uss  *  has 
also  detected  lce\Tj]ose  in  blood-sen un  and  in  transudates  and  exudates. 
The  question  m  to  the  occurrence  of  other  varieties  of  sugar,  such  as  iso- 
tnaltnse  (PA\nr  and  Siau)  and  pentose  {Lupine  and  Boitlub*),  in  blood- 
Beruni  is  still  undecided.  Besides  srgar  the  blood-serum  contiiins,  as 
first  shown  by  J.  Otto,  also  another  reducing  non*fermen table  sub- 
stance. The  statements  of  Jacobsex,  Henriques,  and  Bixo,^  that  this 
substance  is  jecorin  or  lecithin  sugar,  do  not  have  sufficient  foundation, 
while  the  occurrence  of  conjugated  glucun^uic  acitb  as  shown  by  the  in- 
vestigations of  P.  Mai^TuR,  Li^ipixe  and  BouLtm  *  which  originate  perhaps 
from  the  furm-elements  has  been  positively  show^n, 

Bernard  ^  has  shown  that  the  quantity  of  sugar  in  the  blood  diminishes 
more  or  less  rapidly  nn  leaving  the  veins.  LfepiXE,  associated  with  Barral, 
has  specially  studied  this  docreijse  in  the  quantity  of  sugar  and  calls  it 
gltfCobjsUi,  L^pixE  and  Barral,  as  well  as  Arthus^  have  shown  that  this 
glycolysis  takes  place  in  the  complete  alisence  of  micro-organisms.  It 
seems  to  be  due  to  a  soluble  glycol ytic  etmpne  whose  activity  is  destroyed 
by  heating  to  54°  C,  This  enzyme  is  derived,  according  to  the  above 
investigaton^,  fmm  the  leucocytes  and  is,  according  to  Lupine,*  deUvered 


*  Zeitschn  f,  physiol.  Chem,  21,  where  Boudet  i^  nlso  cited,  Iti  regard  to  the 
quantity  of  these  estens  in  bird  serum,  see  Brmvii,  Amer.  Journ.  of  Physiol.,  2, 

'  8ee  V.  Mering,  Du  Bois-Reymond 's  Arehiv,  1877  (this  urtirle  contains  numer- 
ous references);  Seegen,  Pfiiiger's  Arch^  40;   Miura,  Zeitschr.  f.  Biologie,  ^2. 
'  Fortschritte  d.  Medijc.,  1902, 

*  Pavy  and  Siau,  Jonrn.  of  Physiol,  2li;  Li'pine  et  Bouhid,  Compt.  rend.,  133,  135, 
And  \m. 

*  Otto,  PHiiger^s  Arch.,  li-S  (a  good  review  of  the  older  Uterature  on  sugar  in  the 
blood);  Jiicotisen,  CentfiilbL  f.  PhysifiL,  0,  308;  Henrit[ues,  Zeit^chr.  f.  physiioL  Cbem,, 
23;  Bing,  Sktind.  Areh,  f,  Physiol,  9. 

*  Mayer,  Zeitachr.  f.  physiol  Chem,^  32;  Lupine  et  Boulud,  I  c. 
'  Lev*'ns  sur  le  diaWte,     Pnris,  1S77* 

•In  regard  to  the  numerous  memoirs  of  Lepine  and  Lepine  et  Barral,  see  Lyon 
m^nlical,  «2  and  113;  Compt.  rendus.  111),  112,  113,  and  120;  U'pine,  Le  ferment  glyeo- 
lyi-ique  et  la  pathogt'nie  du  diabdte  (Pari^i,  1891),  and  Revue  analytique  et  critiques 
4es  travaux,  etc.,  in  Arch,  de  mikl.  exper.  (Paris,  1S92);   Revue  d©  m^decine,  1895; 
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from  the  pancreas  to  the  blood.    The  glycolysis  is,  according  to  Nasse, 
RoHMANN  and  Spitzer/  an  oxidation  which  is  produced,  according  to 
the  two  last-mentioned  investigators,  by  an  oxidation  fennent.    It  is 
surely  not  connected  with  the  survival  of  the  cells,  but  whether  it  is  a  vital 
or  a  post-mortem  process  is  not  decideci.'    By  experiments  on  plasma- 
fibrin  SiEBER '  has  given  further  proof  as  to  a  glycolysis  produced  by 
enzymes  of  the  blood.    There  was  obtained  from  the  plasma-fibrin  of  some 
normal  and  some  immunized  animals  three  different  oxidation  enzymes  which 
decomposed  dextrose  by  taking  up  oxygen  and  forming  carbon  dioxide. 

The  blood-plasma  and  the  serum  as  well  as  the  lymph  also  contain 
emipnes  of  various  kinds.  According  to  Rohmann,  Bial,  Hamburger,* 
and  others,  duistaseSy  which  convert  starch  and  glycogen  into  maltose  or 
isomaltose,  as  well  as  a  maltoglucdse  are  found  in  the  blood.  Hanriot 
has  detected  a  lipase  in  the  serum  which  decompases  butyrin,  and  which, 
according  to  him,  decomposes  neutral  fats  and  other  esters.  The  occur- 
rence of  a  htUyrinase  is  generally  admitted,  while  the  property  of  this  lipase 
of  splitting  olein  and  other  neutral  fats  is  not  generally  acknowledged 
(Arthus,  Do  yon  and  Morel  *).  This  lipolytic  property,  which  if  it  exists 
to  the  extent  that  Hanriot  ascribes  to  it,  must  not  be  confounded  with  the 
observations  first  made  by  Cohnstein  and  Michaelis  and  further  studied 
by  Weigert  •  on  the  transformation  of  fat  into  unknown  substances 
soluble  in  water.  The  occurrence  in  the  blood-serum  of  a  weak  pro- 
teolytic enzyme  whose  action  is  prevented  by  an  anti-body,  as  shown 
by  Delezenne  and  Pozerski,  has  been  confirmed  and  further  studied 
by  Hedin.^ 

Besides  the  above-mentioned  enzymes  and  thrombin  several  other 
enzymes  have  been  found  in  the  blood-scrum,  namely,  rennin  and  tr>'psin, 
and  also  the  corresponding  anti  enzymes.  We  cannot  enter  into  the  dis- 
cussion of  these,  nor  of  the  many  not  chemically  characterized  bodies  which 

Arthus,  Arch,  de  Physiol.  (5),  3,  4;  Nasse  and  Framm,  Pfliiger's  Arch.,  63;  Paderi, 
Maly's  Jahresber.,  26;  see  also  Cremer,  Physiologic  des  Glykogens  in  Ergebnisse  d. 
Physiol.,  1,  Abt.  I 

>  See  Chapter  I. 

'See  Arthus,  1.  c;  Colenbrander,  Maly's  Jahresber.,  22;  Rywosch,  Centralbl.  f, 
Physiol.,  11,  495. 

•Zeitschr.  f.  physiol.  Chem.,  39. 

*  Rohmann;  Rohmann  and  Hamburger,  Ber.  d.  dcutsch.  chem.  Gesellsch.,  2o  and 
27;  Pfliigcr's  Arch.,  52  and  60;  Bial,  Ueber  das  diast.  Form.,  etc.,  Inaug.-Diss.  Breslau, 
1892  (older  literature).     See  also  Pfliiger's  Arch.,  52,  54,  and  55 

'  Hanriot,  Compt.  rend.  Soc.  biol.,  48  and  54.  Compt.  rend.,  123  and  132.  Arthus, 
Joum.  de  Physiol,  et  de  Pathol,  4;  Doyon  and  Morel,  Compt.  rend.  soc.  biol,  54; 
Achard  and  Cler<;  (Lipase  in  disease),  Compt.  rend.,  129,  and  Arch.  d.  Med.  exper.,  14. 

•Cohnatein  and  Michaelis.  Pfliiger's  .Arch.,  65  and  69;    Weigert,  ibid,  82. 

."^ezenue  ana  rurersKi,  Compt.  rend,  de  la  soc.  biolog.,  55;    Hedin,  Joum.  of 
iliysiol,  30. 
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have  been  called  hxins  and  antitoxins,  immune  bodies ,  alexins ^  fumidy* 
sinSj  cijtotoxins,  etc.  It  is  also  not  within  the  scope  of  this  book  to  discuss 
the  precipitins  which  can  be  used  as  a  biologiral  reagent  on  account  of 
their  action  upon  various  proteitls.  It  may  be  sufficient  to  state  that 
the  works  of  Bordet,  Ehrlich,  Wassermann,  Schutze,  Uhlexhaut,*  and 
others  have  showTi  that  the  repeatetl  hijection  into  an  animal  of  a  foreign 
protcid  body  or  of  blood  of  a  different  species  of  aninia!  so  changes  the 
blood  of  this  animal  that  it  acquires  precipitating  properties  towards  the 
inje^Hed  proteid  or  the  blood.  In  this  manner  we  obtain  a  biological  reagent 
for  various  proteids  and  for  blood  of  different  animals.  This  last  behax-ior 
has  become  of  great  foreasic  importance^  due  to  the  work  of  Uhlenh-\ut, 
The  various  enzyme^s  and  anti-enzymes,  toxins,  and  antitoxins,  precipitins 
etc.,  are  as  a  rule  precipitated  with  the  globulin,  but  differ  amongst  €*ach 
other  by  some  being  carrieil  tlown  by  the  euglobulin,  while  the  others  are 
carried  down  by  the  pseudfjglobulin  fraction. 

Among  the  bodies  which  are  found  in  the  blood,  and  without  doubt 
met  with  in  smaller  or  greater  amounts  in  the  plasma,  are  to  be  mentioned 
urea f  uric  acuf  (found  in  human  blood  by  Abkles),  pjtosphoaumc  acid 
(Panella'),  creatine f  carhamic  acid,  paralactic  acid,  and  hippurit  acid. 
Under  pathological  conditioas  the  ffiUtiwing  btjdies  have  been  found: 
Xanthine  bodies ^  leucin,  ty rosin,  and  biliary  constituents. 

The  coloring-mathTs  of  the  blood-serum  are  ver}'  httle  known.  In 
ecjuine  bluod-serum  biliarj''  coloring-matters,  bilirubin,  besides  other  color- 
in;;- matters,  often  occur.  The  yellow  coloring- matter  of  the  senun  seems 
tt>  belong  to  the  group  of  lute  ins ,  which  are  often  calleil  lijyochromes  or  fat- 
cnlorin;!  matters.  Fn>m  ox-senim  Krukenh erg  ^  was  able  to  isolate  with 
nmyl  alcohol  a  so-called  lii>ochronie  whose  solution  shows  two  absorption- 
bands,  of  which  one  encloses  the  line  F  and  the  other  lies  betw^een  F  and  G. 

The  mineral  bodits  in  senira  and  pla.sma  are  (|ualitati\'ely,  but  not 
quantitatively,  the  same,  A  part  of  the  calehim,  magnesium,  and  phos- 
phoric acid  is  removed  on  the  coagulation  of  the  fibrin.  By  means  of 
dialysis,  the  presence  of  sodium  chloride,  which  forms  the  chief  mass  or 
60-70  per  cent  of  the  totnl  mineral  bodies,  also  Hnie  salts,  sodium  car- 
bonate, besides  traces  of  sulphuric  and  phosphoric  acids  and  potassium, 
may  be  directly  shown  in  the  senim.*  Tmces  of  silicic  acid,  fluorine,  cop- 
per, iron,  manganese,  and  ammonia  are  claimed  to  have  been  found  in  the 
scnun.  As  in  most  animal  fluids ,  the  chlorine  and  sodium  are  in  the  blood- 
senim  in  excess  of  the  jshosphoric  acid  and  potassium  (the  occurrence  of 


*  Thp  literature  on  this  subject  may  tie  found  in  Kaeteriological  journals  find  works. 
=  Abelcs,  W'wn.  mi'd.  Jahrb.,  1S87;  PiineUa  cited  from  Virchmv's  Jahresber.  f.  1902, 


150. 


•Sitxungsber  d.  Jon,  GescUsch.  f.  Mod.,  IJiS^l. 

*  Bee  Gtjrber,  Verhandl.  d.  pyhs.-med   t^it»?4ell.sch.  xu  Wiirzburg,  25. 
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which  in  the  serum  is  even  doubted).    The  acids  present  in  the  ash  are  not 
sufficient  to  saturate  the  bases  found,  a  condition  which  shows  that  a  part 
of  the  bases  is  combined  with  organic  substances,  perhaps  proteids.    This 
coincides  also  with  the  fact  that  the  great  part  of  the  alkalies  does  not 
exist  in  the  serum  as  diffusible  alkali  compounds,  carbonate  and  phosphate, 
but  as  non-diffusible  compounds,  proteid  combination.    According  to  Ham- 
burger *  37  per  cent  of  the  alkali  of  the  serum  from  horse-blood  was  dif- 
fusible and  63  per  cent  non-diffusible. 

Iodine  is  also  considered  as  a  mineral  constituent  of  the  plasma  or 
serum  because  it  seems  to  be  habitually  found  (Gley  and  Bourcet), 
and  arsenic,  which  is  not  found  in  all  blood  but  only  in  human  blood 
(Gautier,  Bourcet'),  is  aiso  considered  as  a  mineral  constituent  of  the 
blood.  Iodine  occurs  to  a  greater  extent  in  human  blood  than  in  other 
bloods  and  does  not  exist  as  a  salt,  but  as  an  organic  compound 
(Bourcet). 

The  gases  of  the  blood-serum,  which  consist  chiefly  of  carbon  dioxide 
with  only  a  little  nitrogen  and  oxygen,  will  be  described  when  treating  of 
the  gases  of  the  blood. 

Because  of  the  difficulty  of  obtaining  plasma  only  a  few  analyses  have 
been  made.  As  an  example  the  results  of  the  analyses  of  the  blood-plasma 
of  the  horse  will  be  given  below.  The  analysis  No.  1  was  made  by  Hoppe- 
Seixer.'  No.  2  is  the  average  of  the  results  of  three  analyses  made  by 
Hammarsten.    The  figures  are  given  in  1000  parts  of  the  plasma. 

No.  1.  No.  2. 

Water 908.4  917.6 

Solids 91 .6  82.4 

Total  proteids 77.6  69.5 

Fibrin 10.1  6.5 

Globulin 38.4 

Seralbumin 24.6 

Fat 1.21 

Extractive  substances 4.0 

Soluble  salts 6.4 

Insoluble  salts 1.7, 


12.9 


Abderhalden  has  made  complete  analyses  of  blood-serum  of  several 
domestic  mammals.  From  these  analyses  as  well  as  from  those  made  by 
Hammarsten  of  the  semm  from  human,  horse,  and  ox-blood  it  follows  that 
the  amount  of  solids  ordinarily  varies  between  70-97  p.  m.  The  chief  mass  of 
the  solids  consists  of  proteids,  about  55-84  p.  m.  In  hens  Hammarsten 
found  much  lower  values,  namely,  54  p.  m.  solids  with  only  39.5  p.  m.  proteid, 
and  Halliburton  found  only  25.4  p.  m.  proteid  in  frog's  blood.  The 
relationship  between  globulin  and  seralbumin  Ls,  as  shown  by  the  analyses  of 


*  In  regard  to  method,  see  Arch.  f.  (An at.  u.)  Physiol.,  1898. 

'Gley  et  Bourcet,  Compt.  rend.,  130;   Jiourcct,  ibtd.,  131;  Gautier,  ibid.,  131. 

•Cit.  from  v.  Gorup-Besanez 's  Lehrbuch  der  physiol.  Chem.,  4.  Aufl.,  340. 
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Hammarsten,  Halliburton,  and  Rubbrecht/  very  different  for  varic 
animals,  but  may  also  van^  considerably  in  the  same  species  of  aninial. 
human  blood-serum  Hammarstex  found  more  seralbumin  than  globulin,  \ 
the  relationship  of  serglobulin  to  seralbumin  was  as  1 : 1  *5.  In  regard  to 
the  quantity  of  the  remaining  organic  constituents  of  the  serum  we  refer 
the  reader  to  Abderhalden  "js  complete  analyses. 

The  quantity  of  mineral  bodies  in  the  serum  has  been  determined  by 
many  investigators.  The  conclusion  drawn  from  the  analyses  Is  that  there 
exists  a  rather  close  correspondence  between  human  and  animal  blood- 
serum,  and  it  is  therefore  sufficient  to  give  here  the  analj^sis  of  C,  Schmidt* 
of  (1)  human  blood ,  and  Bunge  and  Abdehhalden^s  analyses  (2)  of  serum 
of  ox,  bull,  sheep,  goat,  pig,  rabbit,  dog,  and  cat.  The  results  correspond 
to  1000  parts  by  weight  of  the  serum. 

1  2 

KjO 0.387-0.401  0,220-0.270 

NsaO 4.290-4.2!^0  4,251-4.442 

a 3.565-3.059  3.627-4.170 

CaO. 0.155^.155  OJlO-0  131 

MgO 0.101 0,04CM}.046 

p;Oj  (inoTg.) , .  0. 052-0. 0S5 

Even  if  we  bear  in  mind  that  certain  bodies,  such  as  carbon  dioxide. 
are  driven  off  during  incineration  and  that  otlier  bodies,  such  as  sulphuric 
acid  and  phosphoric  acid,  are  formed  from  sulphurized  and  phosphorized 
organic  suVjstances,  still  c[uantitative  analyses  like  the  above  are  not 
sufficient  for  the  scientific  tlemands  of  to-<lay.  They  do  not  show  the 
true  composition  and  do  not  especially  give  an  explanation  i>f  the 
number  of  different  ions  present  in  the  serimi  or  in  other  fluids,  a  fact 
which  is  of  the  greatest  physiological  importance.  An  answer  Xjo  these 
questions  is  only  obtainable  by  |»hyHiciHchemical  investigations,  which 
have  thus  far  been  used  in  determining  the  molecular  concentration,  the 
amount  of  electrolytes  and  non -electrolytes,  and  the  degree  of  dissociation. 

The  molecular,  or  iis  Hamburger  calls  it,  the  osmolit^  concentration  wldeh  givea 

the  total  number  of  molecules  and  iotis  in  the  liter,  is  uieasured  bv  the  t>sriiotic 

J 
pressure,  and  it  may  be  expressed  by  -  -  if  we  make  use  of  the  depression  of  the 

1  .on') 

freezing'jxiint  (J)  instead  of  the  osmotic  pressure,  as  every  rooleeule  or  ion  when 
dissolved  in  1  liter  of  water  causes  a  depression  of  the  freezing-point  of  1.85°. 

The  average  depression  of  the'  freezing-point  of  human  blood-serum  is 
J  =—0.526",  and  it  seems  as  if  it  Ls  a  little  lower  than  the  sera  of  other 
mammals  that  have  been  investigated:  horse  —  0*560**  to  sheep  —0.610°. 
The  molecular  concentration  of  the  bkvod-senira  of  various  mammals  also 

*  Abderhalden,  Zeitschr.  f.  physlob  Chem.,  2r>;  Haramarsten,  Pflugcr'a  Areli.,  17; 
Halliburton,  Joiirn.  of  Physiol,  7;  Hubbrecht,  Travaux  du  laboratoire  de  riastrtut 
dc  phy^iologie  de  IJ^ge*  5,  18%. 

*Cit.  from  v.  Gorup-Btiaatiejs's  Lehrbuch  der  physiuL  Ghent,  4.  Aufl,,  439* 
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differs  only  slightly  in  each  case  according  to  Bugarsky  and  Tangl*  and 
amounts  on  an  average  to  about  0.320  Mol  per  liter.  The  average 
freezing-point  depression  corresponds  closely  to  a  common  salt  solution  of 
9p.m.  (J  =—0.551°  to  -0.561°),  and  at  present  such  a  solution  is  con- 
sidered as  a  physiological  salt  solution  for  man  and  other  mammals. 

The  conditions  are  otherwise  with  sea  animals  which  live  in  a  medium 

rich  in  salts.    According  to  Bottazzi  the  blood  (or  the  fluid  of  the  cavities) 

of  invertebrate  sea  animals  has  an  osmotic  pressure  which  corresponds  to 

an  average  freezing-point  depression  of  J  ==—2.29°,  i.e.,  exactly  the  same 

as  the  sea-water  in  which  they  live.     In  the  cartilaginous  fishes  nearly  the 

same  conditions  exist,  while  in  the  Teleostei  the  asmotic  pressure  is  much 

Jower  than  the  sea-water,  but  is  about  one-half  greater  than  the  blood 

of  land  vertebrates.    The  Teleostei  are  the  first  in  the  scale  of  development 

of  animals  to  show  an  independence  of  the  osmotic  pressure  of  the  inner 

^eus  and  the  surrounding  media. 

There  is  rather  an  abundance  of  investigations  on  the  changes  in 
the  osmotic  pressure  or  the  molecular  concentration  of  the  blood-serum 
Under  various  physiological  conditions  as  well  as  in  disease,  but  still  it  is 
Do  doubt  too  early  to  draw  any  certain  conclusions  from  these  observ^a- 
tions. 

As  seen  from  the  above,  blood-serum  may  contain  electrolytes  as  well 
as  non-electrolytes.  Of  the  latter  the  proteids  and  also  sugar,  fat,  lecithin, 
urea,  and  the  so-called  extractive  bodies  are  of  the  greatest  importance. 
The  electrolytes  are  the  various  ions  and  the  undissociated  moloculos  of 
the  salts  of  the  serum.  The  electrolytes  are  the  only  constituents  of  the 
serum  which  conduct  the  electric  current,  while  the  non-electrolytes  retard 
the  conductivity.  The  degree  of  dissociation  can  also  be  calculated  from 
the  determination  of  the  conductivity  of  the  blood-serum. 

In  accordance  with  Hamburger  ^  we  make  use  here  of  the  two  terms,  dis- 
sociation coefficient  and  dissociation  degree,  as  siji:nifying  the  same.  This  is  not 
correct,  but  it  should  be  called  dissociation  degree  instead  of  dissociation  coefficient. 
The  dissociation  coefficient  i  is  expressed  by  the  formula  t  =  14-fl(A-  — 1),  in  wliieh 
a  represents  the  dissociation  degree  and  k  the  number  of  ions  into  which  each 
molecule  i^  split. 

The  coefficient  of  dissociation  is,  according  to  Arrhenius,  the  relationship 

between  the  number  of  ions  in  a  solution  and  the  number  of  ions  which  would 

be  present  if  the  electrolytes  were  completely  dissociated.     As  the  conductivity 

of  a  Ss')lution  of  electrolytes  is  determined  by  the  number  of  ions  (admitting  that 

the  migration  velocity  of  the  ions  is  the  same  for  different  dilutions),  the  above 

Jv 
coefficient  a  can  be  calculated  bv  the  formula  a^-r-.    In  this  formula  Jv  repre- 

sents  the  conductivity  of  the  original  dilution  (i.e.,  of  the  undiluted  scrum)  and 

*  In  regard  to  the  literature  on  this  subject  we  refer  to  Hamburger,  "Osniotischer 
Dnick  und  lonenlehre,"  from  which  the  author  obtained  most  of  the  facts  given.  See 
also  Hober,  "Physikalische  Chemie  der  Zelle  und  der  Gewebe/' 

*  Osmotischer  Druck  und  lonenlehre,  480,  481. 


Joe    the   conductivity   of    the   completely   dissociated    molecules    (ions)    after ^ 
sufficiently  strong  dilution  of  the  serum  with  water. 

Acc^ording  to  the  above  principle  the  degree  of  dissociation  of  seni: 
has  been  deteniiinetl   by  several    investigators ,  espeeially  Bug.\ksky  am 
Taxol,  Oker-Blom,  and  Viola.      Thi^  la^^t  investigator  found  that  t! 
dissociation  degree  of  the  bh:»od-serimi  of  healthy  human  beings  was  equal 
0.6S-O.73.     According  to  HAMnuutiER  the  results  thus  obtained  ex 
mentally  must  be  a  little  too  law  for  certain  reasons,  and  we  therefore  can 
consider  the  dissociation  coefficient  to  be  between  0.65  and  0.82. 


J 

00^ 


As  above  stated,  the  non  elertrohi:es  have  a  retarding  action  upon  the  eoi 
tiuctivily,  and  arrording  to  Bi:GAKt*KY  and  Tancl  each  gram  of  proteid  in  100^ 
c.  (\  of  Hcrum  iliniinishes  the  electrical  conductivity  of  the  serum  about  2.5  |)er 
cent.  By  making  use  of  this  fuel  the  rorrectcd  conductivity  of  the  elec- 
trolytes [irescnt  can  l)e  deterniined  from  ttie  conductivity.  Tlie  corrected  con- 
ductivity is  pjirtly  de|M'tidcnt  u|M>n  the  chJorides  and  partly  upon  the  achlorides 
(which  are  nearly  idcnijcnl  with  tlie  quantity  of  N;uCO.,).  If  the  amount  of 
iCaCl  of  the  s^-rnm  is  determiiml  t>y  analysis  we  can  calculate  the  conductivity 
of  the  achkirides  by  sul)tractiiig  the  calculated  conihniivity  of  a  .solution  of 
Xa(1  of  .similar  concentration  (which  can  be  done  according  to  Kohlrai  sen's 
method)  from  the  total  corrected  conductivity.  From  the?ie  results  we  can 
calculate  the  molecular  coiieentration  of  the  chlorides  and  the  achlorides.  The 
sum  of  these  two  is  subtracted  from  the  molecular  com^entration  of  the  derum 
when  tho  molecular  concentration  of  the  noDH?lectrolytes  is  obtained. 

BuQAR^sKV  and  Taxgl  ha^T  made  physico-chemical  analyses  of  blood-  ' 
senmi  of  certain  mammals  according  to  the  principle  given  above.  They 
founrl  that  the  molecular  concentration  wa^s^  on  an  average,  about  0.329 
^lol  per  liter,  that  about  three-fourths  of  the  total  dissolved  molecules 
of  blood-serum  were  electrolytes,  although  the  serum  contained  about 
70-80  p.  m.  pndeiil  and  10  p.  m.  inorganic  bodies^  anil  also  that  three- 
fourtlis  of  the  electrolytes  were  NaCl.  \'iola  and  Bousquet  have  recorded 
less  complete  osmotic  chemiea]  analyses  of  blood-serum  of  diseased  and 
healthy  human  beings,  making  use  of  methods  somewhat  tliflferent  in  prin- 
ciple. 

In  the  determination  of  the  alkalinity  of  blood  and  blood-serum  up  to 
the  present  time  we  have  e^tinmtetl  the  amount  of  alkali  by  titration  with 
an  acid.  We  cannot  dispense  with  such  determinatiorLs,  although  they  do 
not  yield  any  information  as  to  the  true  alkalinity,  apart  from  the  fact  that 
the  re^ult^s  are  dependent  upon  the  indicator  use<l,  l>ecau8e  we  under^tan<l 
as  true  alkalinity  the  concentration  of  the  hyilroxyl  ions.  The  Na^COj 
is  in  aqueous  solution  more  or  less  dissociated  into  Na,*^  and  CO3",  depend- 
ing \ipon  the  dilution.  The  CO3"  ions  combine  partly  with  the  H^  ions 
of  the  dissociated  water,  forming  HCO^^,  and  the  corresponding  Oil"  ions 
produce  the  alkaline  reaction.  If  now,  by  the  addition  of  a  little  aeid.  a 
few  of  the  H0~  ions  are  removes  I,  then  the  eciuilibrium  is  disturbed,  a  new 
quantity  of  NajCO,  is  dissociated,  and  this  process  is  repeated  ever>'  time 
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a  new  quantity  of  acid  is  added  until  all  the  carbonate  is  dissociated.  The 
dissociation  of  the  carbonate  existing  in  the  original  concentration,  upon 
which  the  number  of  0H~  ions  is  dependent,  cannot  therefore  be  determined 
by  titration.  For  these  reasons  Hober  has  worked  out  a  physico-chemical 
method  of  determining  alkalinity,  based  upon  Nernst's  theory  of  liquid- 
chains.  This  method  was  used  later  by  Farkas  and  by  Franckel  after 
a  few  changes.  The  investigations  of  these  last-mentioned  experimenters 
show  that  the  concentration  of  the  hydrox\l  ions  in  blood-serum  and 
blood  is  nearly  the  same  as  in  distilled  water,  and  that  these  fluids  are 
nearly  neutral  in  behavior,  which  fact  is  caused  by  the  presence  of  carbonic 
acid.  Friedenthal,*  by  testing  senim  with  phenolphthalein,  came  to 
similar  results.  Hober  '  has  found  recently  by  using  his  improved  method 
that  the  concentration  of  the  hydroxy!  ions  in  the  blood  is  about  l-2*®~^,  or 
a  Lttie  greater  than  in  the  purest  water.  The  quantity  of  hydroxyl  ions 
is  dependent  upon  the  carbon-dioxide  pressure  and  sinks  with  an  increased 
OO2  tension.  With  an  equally  great  CO,  tension  the  normal  uncoagulated 
blood  contains  the  same  amount  of  hydroxyl  ions  as  the  defibrinated  blood. 

n.  THE  FORM-ELElfENTS  OF   THE  BLOOD. 
The  Reel  Blood-Corpuscles. 

The  blood-corpuscles  are  round,  biconcave  disks  without  membrane  and 
nucleus  in  man  and  mammalia  (with  the  exception  of  the  llama,  the  camel, 
and  their  congeners).  In  the  latter  animals,  as  also  in  birds,  amphibia,  and 
fishf>  (with  the  exception  of  the  Cyclostoma),  the  corpuscles  have  in  general 
a  nucleus,  are  biconvex  and  more  or  less  elliptical.  The  size  varies  in 
different  animals.  In  man  they  have  an  average  diameter  of  7  to  8  /£ 
(/£  =  0.(X)l  mm.)  cind  a  maximum  thickness  of  1.9/£.  They  are  heavier 
than  the  blood-plasma  or  senmi,  and  therefore  sink  in  these  liquids.  In 
the  discharged  blood  they  may  lie  sometimes  with  their  flat  surfaces  together, 
forming  a  cylinder  like  a  roll  of  coin  (rouleaux).  The  reason  for  this  is 
unknown,  but  as  it  may  be  observed  in  defibrinated  blood  it  seems  probable 
that  the  formation  of  fibrin  has  nothing  to  do  with  it. 

The  number  of  red  blood-coq)uscles  is  different  in  the  blood  of  various 
animals.  In  the  blood  of  man  there  are  generally  5  million  red  coqniscles 
in  1  c.nim.,  and  in  woman  4  to  4.5  million. 

The  blood-corpuscles  consist  essentially  of  two  chief  constituents,  the 
stn>ma,  which  forms  the  real  protoplasm,  and  the  intraglobular  contents, 
whose  chief  constituent  Ls  haemoglobin.  We  cannot  state  anything  posi- 
tive for  the  present  in  regard  t<^)  a  more  detailed  arrangement  and  the 
views  on  this  subject  are  more  or  less  divergent. 

*  Hober,  Pfliiger's  Arch.,  81;    Farkas,  see  Biochem.  Centralbl.,   1,   026;  Franckel, 
Pflijper's  Arch  ,  96;  Friedenthal,  Zeitschr.  f.  allg.  Physiol.,  1. 
» Pfliiger's  Arch.,  99. 
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According  to  Hamburger  the  stroma  forms  a  protoplasmic  net  in  whnse  meshes 
there  exists  a  red  fluid  or  semi-fluid  mass  which  consists  in  g^t^at  measure  of 
haemoglobin.  This  mass  represents  the  water-iittracting  force  of  the  blood 
corpuscles,  and  besides  this  it  is  also  considered  that  the  outer  protoplasmic 
boundary  is  semi-permeable,  i.e.,  permeable  to  water  but  not  permeable  for 
certain  crystalloids.  Tliis  view  is  hard  to  reconcile  with  the  investigations  of 
RoLLETT,  Stewart,  and  Oker-Blom  *  on  hiemolysis  and  the  changes  in  the  elec- 
tric conduct i%^ity  of  laky  bloods.  According  to  Hollett  the  erythrocytes  consist 
of  a  hyaline  stromji  and  an  ' '  endost>ma '  ^  (Bkicke's  zonidi  containing  haemoglobin. 
The  haemoglobin  is  fixed  to  the  endosoma  and  the  electrolytes  to  the  stroma. 

The  red  blood- corpuscles  retain  their  volume  in  a  salt  solution  wliich 
has  the  same  osmotic  pressure  as  the  serum  of  the  same  blood  although 
they  may  change  their  form  in  such  sohitions,  hecoming  more  sp»brrical, 
and  may  also  undergo  a  chemical  change  (Hambur(JER,  Hedix,  mid  others) , 
Such  a  salt  solution  is  isotonic  ^  with  the  blood-serum  and  its  concentrar 
tion  for  a  XaCl  solution  k  approximately  9  p*  m.  for  hujnan  and  mam- 
malian blood.  A  solution  of  greater  concentnition,  a  hijperisotomc  solu- 
tion, abstracts  water  from  the  blood-corpuscles  until  osmotic  equilibrium 
is  establisbedj  hence  the  corjiuscles  shrink  and  their  volmne  becomesi 
smaller.  In  solutions  of  less  eoticentration,  hijpimlonic  solutions,  the  cor- 
puscles sweD  up,  due  to  the  taking  up  of  water,  and  this  swelling  may  be 
so  great,  as  on  diluting  the  blood  witti  water,  that  the  hipmoglobin  is  .sepa- 
rated from  the  stronui  ao(i  }m.sses  into  the  water}^  solution.  This  i:»ro(ess 
is  called  hainolysu. 

A  hiemolysis  may  also  be  brought  about  l>y  alternately  freezing  and 
thawing  the  blood,  as  well  as  Ijy  the  action  of  various  chemical  sul>stances^ 
which  act  as  protoplasmic  poisons.  These  bc»di(^  are  ether,  chloroform, 
alkalies,  bile  acids,  solanui,  saponin,  and  also  the  saponin  substanct*s,  which 
have  a  very  strong  hiemol\"tic  aetion.^  i)i  special  interest  in  this  regard 
are  the  hsemolysins,  which  act  like  toxhis.  These  hapmolysins  may  be  ■ 
metabolic  products  of  bacteria  and  may  be  formed  by  higher  plants  and 
by  animals,  such  as  snakes,  toads,  bt^-s,  s]jiders,  and  others.  Finally, 
the  hemolysins  or  globulicidal  bodies,  occurring  nonnally  in  blt)od  sera 
or  produceil  in  the  imniimizatioo  of  the  Idood,  also  belong  here. 

When  the  htemoglobin  Is  separated  from  the  so-called  stroma  by  a  suffi- 
ciently strong  dilution  with  water  the  stroma  is  found  in  the  solution  in  a 
swollen  condition.  By  the  action  of  carbon  dioxide,  by  the  careful  addi- 
tion of  acids,  acid  salts,  tincture  of  iodine,  or  certain  other  bodies,  this 
residue,  rich  in  prot-eids,  condenses  and  in  many  eases  the  form  of  the 

*S€c  Hamburger,  Osraotischer  Druck  und  loaenlehre,  1902j  RoUett,  Pflijger's 
Arch.,  H2;  Oker-Blom,.  ibid.,  79;  Stewart,  Joiirn.  of  Phyaiol.,  24. 

'The  work  of  Hamburger,  Hediii,  Eykman.  Kuppc,  and  others  on  isoionbm,  and 
the  literature  on  this  subject ♦  may  be  found  hi  Hamburger,  Osmotischer  Druck-  und 
loneakhrc,  1902. 

*  Koppe,  PfltJ Jeer's  Arch.,  1K>. 
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blood-corpuscles  may  be  again  obtained.  This  residue  has  been  called  the 
^osts  or  stromata  of  the  red  blood-corpuscles,  and  attempts  have  been 
made  to  isolate  it  for  chemical  investigation. 

To  isolate  the  stromata  from  the  blood-corpuscles  they  are  washed  first 
by  diluting  the  blood  with  10-20  vols,  of  a  1-2  per  cent  common  salt 
solution  and    then  separating   the  mixture   by  centrifugal  force    or  by 
allowing  it  to  stand  at  a  low  temperature.    This  is  repeated  a  few  times 
until  the  blood-corpuscles  are  freed  from  serum.    These  purified  blood- 
corpuscles  are,  according  to  Wooldridge,  mixed  with  5-6  vols,  of  water 
and  then  a  little  ether  is  added  until  complete  solution  is  obtained.    The 
leucoc>i^s  gradually  settle  to  the  bottom,  a  movement  which  may  hd 
accelerated  by  centrifugal  force,  and  the  liquid  which  separates  therefrom 
is  very  carefully  treated  with  a  1  per  cent  solution  of  KHSO4  untD  it  is 
about  as  dense  as  the  original  blood.    The  separated  stromata  are  collected 
on  a  filter  and  quickly  washed. 

Wooldridge  found  as  constituents  of  the  stromata  lecithin^  cholesterin, 
nvdeoalbumin,  and  a  globulin  which,  according  to  Haluburton,  is  prob- 
ably a  nucleoproteid  which  he  calls  cell-globulin.  No  nuclein  substances 
or  seralbumin  or  albumoses  could  be  detected  by  Halliburton  and 
Friend.  The  nucleated  red  blood-corpuscles  of  the  bird  contain,  according 
to  Plosz  and  Hoppe-Seyler,^  nuclein  and  a  proteid  which  swells  to  a 
slimy  mass  in  a  10  per  cent  common  salt  solution,  and  which  seems  to  be 
closely  related  to  the  hyaline  substance  (hyaline  substance  of  Rovida,  see 
page  118)  occurring  in  the  lymph-cells.  The  non-nucleated  red  blood- 
corpuscles  are,  as  a  rule,  ver>^  poor  in  proteid,  but  are  rich  in  )ia?moglobin ; 
the  nucleated  corpuscles  are  richer  in  proteid  and  poorer  in  haemoglobin 
than  the  non-nucleated. 

A  gelatinous,  fibrin-like  proteid  body  may  be  obtained  from  the  red 
blood-corpuscles  imder  certain  circumstances.  This  fibrin-like  mass  has 
been  observed  on  freezing  and  then  thawing  the  sediment  of  the  blood- 
corpuscles,  or  on  discharging  the  spark  from  a  large  Ley  den  jar  through 
the  blood,  or  on  dissolving  the  blood-corpuscles  of  one  kind  of  animal  in 
the  serum  of  another  (Landols,  stroma- fibrin) ;  i.e.,  in  the  so-called  hcem- 
agglutination  a  clumping  of  the  red  blood-corpuscles  into  clusters  takes 
place.  This  agglutination  can  be  brought  about  by  bodies  similar  to  the 
kemolysias  and  also  by  serum  constituents  produced  normally  or  by 
immunization.  It  has  not  been  shown  that  a  fibrin  formation  from  the 
stroma  takes  place.  Fibrinogen  has  only  been  detected  in  the  red  cor- 
puscles of  frogs'  blood  (Alex.  Schmidt  and  Semmer  ^). 


*  Wooldridge,  Du  Bois-Reymond 's  Archiv,  1881,  387;  Halliburton  and  Friend, 
Journal  of  Physiol.,  10;  Halliburton,  ibid.^  18;  P16sz,  Hoppe-Seyler 's  Med.  chem. 
Untersuch.,  510. 

'  LandoLs,  Centralbl.  f.  d.  med.  Wissensch.,  1874,  421;  Schmidt,  Pfliiger's  Arch., 
U,  550-559. 
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THE  BLOOD. 


Closely  related  to  the  anatomical  and  chemiral  stnictiire  of  the  erythro- 
cytes is  the  important  question  for  the  metabolism  in  the  blood  as  to  the 
permeabilit}'  of  the  en^hrocytes,  that  is,  their  power  of  taking  up  substances 
of  different  kinds.  On  this  subject  ue  have  the  researches  of  Gnrxs, 
Eykm^w,  Oaertox,  Kqppe,  and  especially  those  of  Hamburger  and  his 
collaborators,  and  of  Hedin.*  As  a  result  of  fliese  researches  it  has  been 
shown  that  the  blood-corpuscles  are  completely  impermeable  for  the  ordi- 
nary varieties  of  sugar,  for  arabite  and  mannite,  and,  as  it  appears,  also  for 
the  cations  Ca^"*",  Sr+"*"^  Ba"^"^,  Mg"*""*".  On  the  other  hand,  they  are  per- 
meable for  NH^"^  ions,  as  also  for  aeids  and  alkalies.  They  are  al*^o  permeable 
for  alcohols  (more  readily  the  foMK^r  hydroxy  1  groups  the  molecule  eon* 
tains),  aldehydes  (with  the  exception  of  paraldehyde),  ketones*  ethers^ 
esters,  urea,  bile  salts,  and  others.  They  are  oidy  sli;^htly  pennealile  for 
amino  acids.  Towards  the  neutral  jMitassiimi  and  sodium  salts,  accord- 
ing to  KoppE  and  Hambuugkr,  the  blood-coq>uscles  are  imj>eniieable 
for  the  cations  K'''  and  Na"*"  and  jieroieable^  on  the  contrary,  for  the  anions 
when  an  exchange  of  an  anion,  for  example  CO,',  in  the  blood-corpuscles 
is  possible  with  an  anion  in  the  outer  Ouid,  for  example  with  Cl~,  Br", 
NOj"  ,  etc.  8uch  an  exchange  of  ions  can  be  especially  observed  according 
to  IUmburger  in  the  en^hrocytos  suspended  in  NaCl  solution  and  treatetJ 
with  CO2,  when  the  outer  fluid  becomes  alkaline,  due  to  the  formation  of 
Na^CO^  by  the  migration  of  CI"  ions  into  llie  corpuscles  and  an  outward 
migration  of  the  CU^^  ions.  For  every  one  bivalent  COg^  ion  there  must 
migrate  inw'ard  two  univalent  Cl~  ions;  but  as  every  ion  irrespective  of 
T^vhether  it  is  xmi-  or  bivalent  has  the  same  osmotic  pressure,  therefore  the 
osmotic  pressure  of  the  blood-corpuscles  must  be  raiscil  and  hence  a  swell- 
ing up  takes  place,  due  t<>  their  taking  up  water.  The  question  as  Ijo  how 
far  these  oljservations  can  hv  ajiplicd  to  tlie  blood-corpuscles  in  their 
serum,  i.e.,  to  the  blood,  requires  further  proofs.^ 

The  mineral  bodies  of  the  red  corpuscles  will  be  treated  in  cormection 
wHth  the  quantitative  constitution  of  the  same. 

The  constituent  of  ilie  blotKl-corpuscleii  existing  to  the  greatest  extent 
is  the  red  pigment  hjemoglobin. 

Blood  pigments. 

According  to  Hoppe-Seyler  the  coloring-matter  of  the  red  blood- 
corpuscles  is  not  in  a  frc^*  state,  but  combined  with  some  other  substance* 
The  ciTstalline  coloring-matter,  the  haemoglobin  or  oxj'haemoglobin,  which 
may  be  isolated  from  the  blood,  is  considered!,  according  to  Hoppe-Skvler, 
as  a  cleavage  product  of  this  combination,  and  it  acts  in  many  ways  unlike 
the   questionable   combination    itself.    This    combination  is  insokible  in 

*  In  regard  to  the  literature^  see  Hamburger,  Osmotischer  Druck-  imd  lonenlehre 
'  Petry,  Hofmeister 's  Bettrftge,  3,  247. 
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water  and  uncrystallizable.    It  strongly  deconriposes  hydrogen  peroxide 
without  being  oxidized  itself;    it  shows  a  greater  resistance  to  certain 
chemical  reagents  (as  potassium  ferricyanide)  than  the  free  coloring-matter, 
BD(l  lastly  it  gives  off  its  loosely  combined  oxygen  much  more  easily  in 
vacuum   than  the  free  pigment.    To  distinguish  between  the  cleava^re 
products,  the  haemoglobin  and  the  oxyhaemoglobin,  Hoppe-Seyler  calls 
the  combination  of  the  blood-coloring  matter  of  the  venous  blood-corpuscles 
phlebirij  and  that  of  the  arterial  arterin}    Since  the  above-mentioned  com- 
bination of  the  blood-coloring  matters  with  other  bodies,  for  example  (if 
they  really  do  exist)  with  lecithin,  have  not  been  closely  studied,  the  follow- 
ing statements  will  only  apply  to  the  free  pigment,  the  haemoglobin. 

The  color  of  the  blood  depends  in  part  on  hccmoglobin  and  in  part  on  a 
molecular  combination  of  this  substance  with  oxygen,  the  oiijhccmoglobin. 
We  find  in  blood  after  asphyxiation  almost  exclusively  haemoglobin,  in 
arterial  blood  disproportionately  large  amounts  of  oxyhaemoglobin,  and  in 
venous  blood  a  mixture  of  both.  Blood-coloring  matters  are  found  also  in 
striated  as  well  as  in  certain  smooth  muscles,  and  lastly  in  solution  in 
different  invertebrates.  The  quantity  of  haemoglobin  in  human  blood  may 
indeed  be  somewhat  variable  under  different  circumstances,  but  amounts  to 
about  14  per  cent  on  an  average,  or  8.5  grams,  have  been  determined  for 
each  kilo  of  the  weight  of  the  body.  Haemoglobin  belongs  to  the  group  of 
compound  proteids  and  yields  as  cleavage  products,  besides  very  small 
amounts  of  volatile  fatty  acids  and  other  bodies,  chiefly  a  proteid  glohin  and 
a  coloring-matter,  hcemochromogen  (about  4  per  cent),  containing  iron, 
which  in  the  presence  of  oxygen  is  easily  oxidized  into  h^inatin. 

As  suggested  by  IIoppe-Seyler,  and  later  shown  by  Schuxgk  and 
Marchlewski,  a  close  relationship  exists  between  chlorophyll  and  the 
blood  pigment,  because  a  derivative  of  the  first,  phylloporphyrin,  stands 
ver}^  close  in  certain  regards  to  a  derivative  of  the  blood  pigment  luTmo- 
toporphyrin.  By  the  investigations  of  Nencki  in  conjunction  with  March- 
lewski and  Zaleski  '  it  was  shown  that  haemopyrol  could  be  prepared 
from  the  derivatives  of  the  leaf  pigment  or  blood  pigments  by  reduction. 
The  fact  that  chlorophyll  and  blood  pigments  are  closely  related  and  are 
constructed  from  the  same  mother-substance  is  of  the  greatest  biological 
importance. 

The  haemoglobin  prepared  from  different  kinds  of  blood  has  not  exactly 
the  same  composition,  which  seems  to  indicate  the  presence  of   different 

*  Hoppe-Seyler,  Zeitschr.  f.  physiol.  Chem.,  13,  479;  see  also  H.  U.  Kobert,  Das 
Wirbeltierblut  in  mikro-kristallogr.  Hinsicht,  Stuttgart,  1901. 

'  Schunck  and  Marchlewski,  Annal.  d.  Chem.  u.  Pharm.,  27S,  284,  288,  290;  Nencki, 
Fier.  d.  deutsch.  chem.  Gesellsch.,  29;  Marchlewski  and  Nencki,  Ber.  d.  d.  chem. 
Gesellsch.,  34;  Nencki  and  Zaleski,  ibid.;  Marchlewski,  Chem.  Centralbl.,  1902,  I, 
101 T:   Za'rski,  Zeitfichr.  f.  physiol.  Chem.,  37. 
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h^molg;obins.  The  analyses  of  different  investigators  of  the  hjEtnoglobiii 
fmni  the  same  kind  of  blood  <lo  not  always  agree  with  one  another,  which 
probably  depends  upon  the  somewhat  various  methods  of  preparation. 
The  followinsT  analyses  are  given  as  examples  of  the  constitution  of  differ- 
ent ha&moglobins : 

Hcptnoglobin  from  the    C        H        N          S  F(*       O  PjO. 

Dog.., 53.85  7.32  1(5.17  0.390  0  430  21,84  (Hoppe-Seyler) 

"*     54.57  7.22  16.38  0M>8  0.336  20.93  ....  (Jaquet) 

Horse r>1.87  5,97  17.31  0,tJ50  0.470  19,73  ,..,  (Kos-sel) 

•*     5L15  0,76  17.94  0,390  0,335  23,43  ....  (Zinoffsky) 

Ox 64.66  7.25  1770  0.447  0,400  19..^3  ....  (HL^fner) 

Pig .54.17  7.38  16.23  0  (V60  0,430  2\  .360  ....  (Otto) 

'*  ,  ...... .   54.71  7.38  17.43  0,479  0.399  19  602  (HCfner) 

Gumea-pig 54  12  7  36  16.78  0.5K0  0  4m  2().6SJ>  (HoppE-t^EYLER 

Sfjuirrd. 54.09  7,39  16,09  (J,400  OSW)  21.440  .... 

Goose.... _.   *54.26  7.10  16.21  0,540  0  430  20,690  0,770                  '* 

Hen 52.47  7.19  16.45  0.857  0.335  22.500  0,197  (Jaquet) 

The  question  whether  the  aiiicmnt  of  phosphorus  in  the  haemoglobia 
from  birds  exists  as  a  contamination  or  as  a  constituent  has  not  been 
decided.  According  to  Inoko  the  haemoglobin  from  goose-blood  consists 
of  a  combination  between  nucleic  acid  and  hccmoglobin.  In  the  hsDmo- 
globin  from  the  horse  (Zinoffsky)^  the  pig,  and  the  ox  (Hufner)  we  have 
1  atom  of  iron  to  2  atoms  of  sulphur,  while  in  the  haemoglobin  from  the 
dog  (Jaquet)  the  relation  is  1  to  3.  From  the  data  of  the  elementar\^ 
afialysi8,  as  also  from  the  amount  of  loosely  combined  oxj^gen,  Hufneh  * 
has  calealatet!  the  molecular  weight  of  dog-hfemoglobin  as  14,129  and  the 
formula  C,„oH,„25N\„FeSaOift,.  According  to  the  more  recent  determina- 
tions of  Hufner  and  Jaquet^  ox-haemoglobin  contains  an  average  of 
0.336  i>cr  cent  iron,  from  which  a  molecular  weight  of  10,669  may  be  cal- 
culated. The  hiemoglobin  frcjm  various  kinds  of  blood  not  onl}^  show  a 
diverse  constitution,  but  also  a  different  solubUity  and  crystalline  form,  and  a 
varying  quantity  of  water  of  crystallization;  hence  we  infer  that  there  are 
several  kinds  of  htcmoglobin.  Bohr  is  a  verj'  zealous  advocate  of  this 
supposition.  He  has  been  able  to  obtain  haemoglobins  from  dog-  and  horse- 
blood,  by  fractional  cr\'jslalHzalion,  which  had  different  power  of  combining 
with  oxygen  and  crsntaining  difTerent  quantities  of  iron.  Hoppe-JSeyler 
had  already  prepared  two  different  forms  of  haemoglobin  crj'stals  from 
horse-blood,  anr!  Bohr  concludes  from  a  collection  of  these  obserx^ations 
that  the  ordinarj^  htemoglobiu  con^istii  of  a  mixture  of  difTerent  hirmo- 
globins.     In  opposition  to  this  statement  Hufner  ^  has  shown  that  only 

'  Hoppe-Seyler,  Med.  chem.  Untersuck^  370;  Jaquet»  Zeitachr.  f.  phyaioL  Chem.^ 
14,  29<j;  Kosael,  ibid.,  2,  150;  ZinofTsky,  ibid.,  10;  HufDcr,  Beitr.  z,  Physiol.,  Fesuschr. 
f.  a  Ludwig,  1887»  74-81,  Joum,  f.  prakt.  Chera.  (N.  F.),  22;  Otto,  Zeitschr.  L  physioL 
Chem,,  7;  Inoko,  ihid,,  IS, 

'  Arch.  f.  (Aiiiit,  uj  Physiol,  189 L 

■Bohr,  "Sur  Jes  combinaJsons  de  rhdmoglobine   avec   Toxyg^ne/'     Extrait  du 
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one  haemoglobin  exists  in  ox-blood,  and  that  this  is  probably  true  for  the 
blood  of  many  other  animals. 

Ozyhasmoglobin,  which  has  also  been  called  HiEMATOGLOBULiN  or 
HjaL\TOCRYSTALLiN,  is  a  molecular  combination  of  haemoglobin  and  oxygen. 
For  each  molecule  of  haemoglobin  1  molecule  of  oxygen  exists;  and  the 
amount  of  loosely  combined  oxygen  which  is  united  to  1  grm.  of  haemo- 
globin (of  the  ox)  has  been  determined  by  Hufner  as  1.34  c.  c.  (calcu- 
lated at  0°  C.  and  760  mm.  mercury). 

According  to  Bohr,  the  facts  are  different.    He  differentiates  between  four 
different  oxynBemoglobins.  according  to  the  quantity  of  oxygen  which  they  absorb, 
namely,  a-,  ;?-,  r->  and  o-oxyhfemoglobin  all  having  the  same  absorption-spec- 
trum and  1  grm.  combining  with  respectively  0.4,  0.8,  1.7,  and  2.7  c.c.  oxygen  at 
the  temperature  of  the  room  and  with  an  oxygen  pressure  of  150  mm.  mercury. 
The  /--oxyhffimoglobin  is  the  ordinary  one  obtained  by  the  customary  method  of 
preparation.     Bohr  designates  as  a-oxyhsemoglobin  the  crystalline  powder  ob- 
tained by  drying  r-oxy haemoglobin  in  the  air.     On  dissolving  a-oxyhaemoglobin 
in  water  it  is  converted  into  /3-hapmoglobin  without  decomposition,  and  the  quan- 
tity of  iron  is  increased.     On  keeping  a  solution  of  r-oxyhsemoglobin  in  a  sealed 
tube  it  is  transformed  into  J-oxyhaemoglobin,  although  the  circumstances  of  this 
change  are  not  known.     According  to  Hitfner  *  these  are  nothing  but  a  mixture  of 
IBDuine  and  partly  decomposed  hjemoglobins. 

The  abiUty  of  haemoglobin  to  take  up  oxygen  seems  to  be  a  function  of 
the  iron  it  contains,  and  when  this  is  calculated  as  about  0.33-0.40  per 
cent,  then  1  atom  of  iron  in  the  haemoglobin  corresponds  to  about  2  atoms  =  1 
molecule  of  oxygen.  By  increasing  the  partial  pressm-e  as  well  as  by  increas- 
ing the  quantities  of  oxygen  the  haemoglobin  in  solution  takes  up  more  oxy- 
gen, until  it  is  completely  saturated,  when  1  molecule  of  haemoglobin  is  com- 
bined with  1  molecule  of  oxygen.  Still  this  reaction  is  reversible  according  to 
the  type  l(Hb)  + 1(02) 4=^1  (OHb),  and  with  diminished  oxygen  pressure  a  dis- 
sociation must  take  place  with  the  giving  up  of  oxygen  and  a  reformation 
oi  haemoglobin.  The  equilibrium  between  oxyhaemoglobin,  haemoglobin, 
and  oxygen  ls  determined  according  to  the  law  of  mass-action,  and  accord- 
ing to  the  investigations  of  PIIifxer  ^  it  is  possible  to  calculate  the  rela- 
tionship between  oxyhaemoglobin  (OHb)  and  haemoglobin  (Hb),  at  every 
desired  partial  pressure  of  the  oxygen,  by  a  formula  suggested  by  him. 
The  dependence  of  the  reaction  between  OHb,  lib,  and  O  upon  the  law 
of  mass-action  is  naturally  of  the  very  greatest  importance  for  the  taking 
up  of  ox\'gen  in  the  lungs  and  the  giving  up  of  the  same  to  the  tissues. 
It  also  makes  it  possible  to  completely  expel  the  oxygen  from  a  hiemo- 
globin  solution  or  from  blood  by  means  of  a  vacuum  or  by  passing  an  indif- 
ferent gas  through  the  blood. 

Bulletin  de  TAcad^mie  Royale  Danoise  des  sciences,  1S90;  also  Centralbl.  f.  Physiol., 
1890,  249;  Hoppe-Seyler,  Zeitschr.  f.  physiol.  Chem.,  2;  Hufner,  Du  Bois-Ileymond 's 
Arch ,  1894. 

*L.  c. 

'Arch.  f.  (Anat.  u.)  Physiol.  Abt.  Physiol.,  1901.     Supplt. 


168 


THE  BLOOD, 


Oxyhaemoglobin,  which  Is  generaUy  considered  as  a  weak  acid,  is  dextro- 
rotaton%  nccording  to  Gamgee,*  The  speeific  roUtion  for  light  of  raediuin 
wave-lengtli^  of  C  is  (a)C=  about  +1CP,  which  corresponds  also  for  carbon- 
monoxide  hiemaglobin.  The  haemoglobin  is  also,  like  carbon-monoxide 
hjBoioglnbin  (COHb)  and  metha*raoglobin  (MHb),  diamagnctic,  w*hilc  the 
hsematin,  wliich  is  richer  in  iroo^  is  strongl}'  magnetic  (Gamgee^).  On 
passing  an  electric  current  through  an  oxyha&moglobin  solution  the  pig- 
ment first  separates  unchanged  at  the  anode  in  a  colloidal  but  still  soluble  [ 
form  and  is  then  gradually  transferred  to  the  cathode  hi  the  colloidal 
state  (Gamgee^),  This  transportation  of  the  colloidal  haemoglobin  may 
abo  be  made  to  take  j>lace  through  an  animal  membrane  or  through  parch- 
ment paper.  According  to  Gamgee  the  haemoglobin  probably  e^ts  in 
such  a  colloiilal  condition  in  the  blood-corpascles. 

Oxyhiemoglobin  has  been  obtaineil  in  ciTstals  from  se^'eral  varieties  of 
blood.  Thei?e  cn'stals  are  blood-red,  transparent,  silky,  and  may  be 2-3  mm. 
long.  The  oxyhirmoglobin  from  squirrers  blood  cr>'stalliz^  in  six-sided 
plates  of  the  hexagonal  system;  the  other  varieties  of  blood  yield  needles, 
prisms,  tetrahedra,  or  plates  which  belong  to  the  rhombic  system.  The 
quantity  of  water  of  crv'stallization  varies  betw^een  3-10  per  cent  for  the 
different  oxyhipmoglobins.  When  completely  dried  at  a  low  temperature 
over  sulphuric  acid  the  crystals  may  be  heated  to  no-US'^  C\  without 
decomposition.  At  higher  temperatures,  somewhat  above  160°  C,  they 
decompose,  giving  an  odor  of  burnt  horn,  and  leave,  after  complete  com- 
bustion, an  ash  coiLsisting  of  oxide  of  iron.  The  oxyhiemoglobin  crj^stab 
from  difhcultly  crj^stalUzable  kinds  of  blood,  for  example,  from  such  as  ox^s,. 
human,  and  I>ig^^  blood,  are  easily  soluble  in  water.  The  oxyhtDmoglo bins 
from  easily  crystalhzable  blood,  iis  from  that  of  the  hon^e,  dog,  squirrel, 
and  guinea-pig,  are  soluble  with  difficulty  in  the  order  above  given.  The 
oxyhiemoglobin  dk^olves  more  easily  in  a  very  dilute  solution  of  alkali  cai- 
bt>nate  than  in  pure  water,  and  tliis  scjlution  may  be  kept.  The  presence 
of  a  little  too  much  alkali  causes  the  oxyhiemogltjbin  to  quickly  decompose. 
The  crystals  are  insoluble  without  deeolorization  in  absolute  alcohol. 
According  to  Nencki,*  it  is  hereby  converted  into  an  isomeric  or  polymeric 
modification,  called  by  him  parahmnoglobin,  Oxyhsemoglobin  is  insoluble- 
in  ether,  chloroform,  benzene,  and  carbon  disulphide. 

A  solution  of  oxyhiemoglobin  in  water  is  precipitated  by  many  metallic 
Baits,  but  is  not  precipitated  by  sugar  of  lead  or  basic  lead  acetate.     On 

*  Hofmeister's  Beitrage,  4. 
'  Proceedings  of  Hoy.  Society,  6S. 
*Ibid.,  70. 

*  Nencki  and  Sieber,  Ber  d.  d.  chem.  GeselLach.^  18.  According  to  Kniger  (see 
Bloohem.  Centralbl.,  I,  40,  463) ,  hjEmoglobin  is  somewhat  changed  by  alcohol  as  well 
as  by  cblorofortiL 
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heating  the  wateiy  solution  it  decomposes  at  about  70°  C,  and  it  splits  ofif 
proteid  and  hsematin.     It  is  also  readily  decomposed  by  acids,  alkalies, 
and  many  metallic  salts.     It  gives  the  ordinar}'-  reactions  for  proteids,  with 
those  proteid  reagents  which  first   decompose  the  oxyhaemoglobin  with 
the  splitting  oflF  of  proteid.     Oxyhaemoglobin  like  the  other  blood  pig- 
ments has  a  direct  oxidizing  action  upon  tincture  of  guaiacum.     It  has, 
on  the  other  hand,  like  all  blood  pigments  containing  iron,  the  property  of 
«n  "ozone  transmitter"  in  that  it  turns  tincture  of  guaiacum  blue  in  the 
presence  of  reagents  containing  ozone,  such  as  old  turpentine. 

A  sufficiently  dilute  solution  of  oxyhaemoglobin  or  arterial  blood  shows 
^  spectrum  with  two  absorption-bands  between  the  Fraunhofer  lines  D 
^nd  E.  The  one  band,  a,  which  is  narrower  but  darker  and  sharper,  lies 
On  the  line  D;  the  other,  broader,  less  defined  and  less  dark  band,  ^,  lies 
at  E,  The  middle  of  the  first  band  corresponds  to  a  wave-length  >l  =  578.1 
and  the  second  ^  =  541.7.  These  bands  can  be  detected  in  a  layer  of  1  cm. 
thick  of  a  0.1  p.  m.  solution  of  oxyhaemoglobin.  In  a  still  weaker  dilution 
the  band  ^  first  disappears.  By  increased  concentration  of  the  solution 
the  two  bands  become  broader,  the  space  between  them  smaller  or  entirely 
obliterated,  and  at  the  same  time  the  blue  and  violet  part  of  the  spectnim 
is  darkened.  The  oxyhaemoglobin  may  be  differentiated  from  other  color- 
ing matters  having  a  similar  absorption-spectrum  by  its  behavior  towards 
reducing  substances.*    (See  page  170.) 

A  great  many  methods  have  been  proposed  for  the  preparation  of 
oxyhaemoglobin  cr\\stals,  l^ut  in  their  chief  features  they  all  agree  with 
the  following  one  suggested  by  Hoppk-Skylkr:  The  washed  blood-cor- 
puiscles  (best  those  from  the  dog  or  the  horse)  are  stirred  with  2  vols, 
water  and  then  shaken  with  ether.  After  decanting  the  ether  and  allowing 
the  ether  which  is  retaine<l  by  the  blood  solution  to  evaporate  in  an  open 
dish  in  the  air,  cool  the  filtered  blood  solution  to  0°C.,  add  while  stirring 
i  vol.  of  alcohol  also  cooled,  and  allow  to  stand  a  few  days  at  —5° 
to  —  10°C.  The  crj'stals  which  separate  may  be  repeatedly  recrystallized 
by  dissolving  in  water  of  about  35°  C,  coolin<:,  and  addhig  cooled  alcohol  as 
above.  Lastly,  they  are  washed  with  cooled  water  containing  alcohol 
(J  vol.  alcohol)  ami  dried  in  vacuum  at  0°  C.  or  a  lower  temperature.^ 

For  the  preparation  of  oxyhaemoglobin  cr\'stals  in  small  quantities  from 

blofxl  easily  cr\^stallize<l,  it  is  often  sufficient  to  stir  a  drop  of  blood  with  a 

little  water  on  a  microscope  slide  and  allow  the  mixture  to  evaporate  so  that 

■  the  drop  is  surrounded  by  a  dried  ring.     After  covering  with  a  cover-«:lass, 

the  crj'stals  gradually  appear  radiating  from  the  ring.     These  crystals  are 

*  Zeitschr.  f.  Biologic,  34,  contains  the  investiprations  of  Gamgee  on  the  absorp- 
tion of  the  ultraviolet  rays  by  the  blood  pigment.  It  also  contains  some  of  the  earlier 
investigations. 

*  In  regard  to  the  preparation  of  oxyhaemoglobin,  see  also  IIoppe-Seyler-Thier- 
felder's  Handbuch,  7  Aufl.;  also  the  works  cited  in  foot-note  l,page  166,  also  Schuur- 
manns-Stekhoven,  Zeitschr.  f.  physiol.  Chem.,  33,  C9j. 
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foTTTied  in  a  surer  mannpr  if  the  blood  is  firsit  mixed  with  some  water  in  a 
test-tube  and  .sliakeii  with  ether  and  a  drop  of  the  lower  deep-colored  liquid 
treatefl  as  above  on  the  slide » 

Haemoglobin,  also  called  reduced  n.EMOOLODiN  or  PtmPLE  cruorin 
(Stokes  '),  occurs  only  in  very  small  quantities  in  arterial  blood,  in  larger 
quantities  in  venous  blood,  and  is  nearly  the  only  blood-coloring  matter 
after  asphyxiation. 

Hiemoglobin  is  much  more  soluble  than  the  oxyhipnioglobin,  and  it  can 
therefore  only  be  obtained  as  crystals  with  difficidty.  These  cr^^t^tals  are  as 
a  nde  isomoqjhous  with  the  correspcmding  oxylKenioglobin  crystalsj  but  are 
darker,  having  a  shade  towards  blue  or  purple,  and  are  decidedly  more 
pi oo chromatic.  Its  goliitions  in  water  are  darker  and  mure  violet  or 
puiplisli  than  solutions  of  oxylKemnglobin  of  the  j^ame  c^ineeutration. 
They  absorb  the  blue  and  the  violet  rays  of  the  spectrum  in  a  less  marked 
degree,  but  strongly  alisorb  the  rays  lying  between  C  and  D.  In  proper 
dilution  the  solution  shows  a  spectrum  with  one  broad t  not  sharply  defined 
band  between  D  and  E^  whose  darkest  part  corresponds  to  the  wave- 
length i  =  555.  This  band  does  not  lie  in  the  middle  between  D  and  E, 
but  is  towards  the  reii  eotl  of  the  spectrum,  a  little  over  the  luie  D.  A 
biemoglobin  solntion  actively  absorbs  oxygen  from  the  air  and  is  converted 
into  an  oxyhannoglobin  solution, 

A  solution  uf  oxyhirmoglobin  may  be  easily  converted  into  a  solution 
having  the  spectnim  of  hiemogk^bin  by  means  of  a  vacuum^  by  passing  an 
indifferent  gas  through  it,  or  liy  the  addition  of  a  reducing  substancct  as, 
for  exantplcp  an  ammoniacal  ferrn-tartrate  solution  (Stokes'  reduction 
litiuid).  If  an  oxyhiemoglobin  solution  or  arterial  blood  is  kept  in  a  sealed 
tube,  v^'Q  observe  a  gradual  consiimptio!i  of  oxygen  and  a  reduction  of  the 
ox^'ha^mogloljin  into  htemoglobin.  If  tlie  solution  has  a  projier  concentra- 
tion, a  crj'staHization  of  htemoglobin  may  occur  in  the  tube  at  lower  tem- 
peratures  (Ill^FNER  ^). 

Pseudohflemoglobin.  Ludwig  and  Siegfried'  have  observed  that  blood 
whir!)  has  heen  reduced  by  hyfK>sulphites  so  compleioly  that  the  oxyhrcmoglohin 
Kpectrum  disiip^it'ars  and  only  the  bicmo^lobiri  s|^ctrum  is  seen  yields  large 
ainouiits  of  oxygen  when  exjKxscd  to  a  Viicuum.  Blood  which  Fias  been  retiuced 
by  the  passage  of  a  stream  of  hydrogen  through  it  until  the  oxyhannt>glubiii 
0pectrum  disapjvcars  acts  in  the  sariio  manner.  Hence  a  loose  combination  of 
hscmoRlobin  and  oxypeu  exists  which  gives  the  hamioglobiu  s])e[:truni,  and  this 
conilji nation  is  called  pscudohinnoglobin  by  Ludwig  and  Sieofkiko.  Pseudo- 
bieinoplobin,  whose  pri'sence  has  been  delected  in  asphyxiation  blood  from  dogs, 
Ss  considered  by  li  A^L\lARSTl':^f  as  an  intermediate  .step  l>et ween  hienioglobin  and 
oxyha-moglobio  on  the  reduction  of  the  latter.  The  ocrurrence  of  ]>seuduha'mo- 
globin  does  not  seem  to  have  been  jjositively  provetL* 

*  Philosophical  Magazine,  28,  No.  IflO.  Nov.  1S"j4. 
'  Zeitachr  f.  physioL  Chem.,  4. 

*  Du  Lkiis-Reyniomt^s  Archi\%  l8fH.);  ^ee  a\m  Ivo  Xovi,  Pfluger*s  Arcluv.,  46^. 
*Se€  Hiirner,  Du  Boi^j-Reymond 'a  Arcli.,  lyiH.  140 
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Hethasmoglobin.  This  name  has  been  given  to  a  coloring-matter  which 
is  easily  obtained  from  oxyhsemoglobin  as  a  transformation  product  and 
which  has  been  correspondingly  found  in  transudates  and  cystic  fluids^ 
containing  blood,  in  urine  in  haematuria  or  haemoglobinuria,  also  in  urine 
and  blood  on  poisoning  with  potassium  chlorate,  amyl  nitrite  or  alkali 
nitrite,  and  many  other  bodies. 

Methaemoglobin  does  not  contain  any  oxygen  in  molecular  or  dissociablcr 
combination,  but  still  the  oxygen  seems  to  be  of  importance  in  the  forma- 
tion of  methajmoglobin,  because  it  is  formed  from  oxyhsemoglobin  in  the 
absence  of  oxygen  or  oxidizing  agents,  and  not  from  haemoglobin.     If 
arterial  blood  be  sealed  up  in  a  tube,  it  gradually  consumes  its  oxygen  and 
teomes  venous,  and  by  this  absorption  of  oxygen  a  little  methsBmoglobia 
is  formed.    The  same  occurs  on  the  addition  of  a  small  quantity  of  acid  to 
lie  blood.     By  the  spontaneous  decomposition  of  blood  some  methsemo- 
jiiobin  is  formed,  and  by  the  action  of  ozone,  potassium  permanganate^ 
potassium  ferricyanide,  chlorates,  nitrites,  nitrobenzene,  pyrogallol,  pyro- 
catechin,  acetanilide,  and  certain  other  bodies  on  the  blood  an  abundant 
formation  of  methaemoglobin  takes  place. 

According  to  the  investigations  of  Hlfner,  Kllz,  and  Otto  ^  methaemo- 
globin  contains  just  as  much  oxygen  as  oxy haemoglobin,  but  it  is  more 
strongly  combined.  By  the  action  of  potassium  ferricyanide  or  potassium 
permanganate  upon  oxy haemoglobin  first  1  molecule  oxygen  (i.e.,  the 
entire  quantity  of  loosely  combined  oxygen)  is  split  off  and  in  the  subse- 
quent methaemoglobin  formation  either  two  oxygen  atoms  (Haldane)  or 
two  hydroxyl  groups  are  combined  (Hufner,  v.  Zeyxek  ^).  Metlurnio- 
jL^lobin  solutions  are  reduced  to  hiemoglobin  by  reducing  agents.  Jader- 
HOLM  and  Saarbach  claim  that  metha^moglobin  is  first  converted  into 
oxyha?moglobin  and  then  into  haemoglobin  by  reducing  substances,  wliile 
others  (Hoppe-Seyler  and  Araki  ^)  dispute  this. 

Methaemoglobin  crj'stallizcs'as  first  shown  by  IIufner  and  Otto  in 
brownish-red  needles,  prisms,  or  sLx-sided  plates.  It  dissolves  easily  in 
w^atcr;  the  solution  has  a  brown  color  and  becomes  a  beautiful  red  on  the 
addition  of  alkah.  The  solution  of  the  pure  substance  is  not  precipitated 
by  basic  lead  acetate  alone,  but  by  basic  lead  acetate  and  ammonia.  The 
absorption-spectrum  of  a  water>-  or  acidified  solution  of  methaemoglobin  is^ 
according  to  Jaderholm  and  Bertin-Sans,  ver\'  similar  to  that  of  ha'niatin 
in  acid  solution,  but  is  easily  distinguished  from  the  latter  since,  on  the 
addition  of  a  little  alkali  and  a  reducing  substance,  the  former  i)asses 

*  See  Otto,  Zeitschr.  f.  physiol.  Chem.,  7. 

^Haldane,  Joum.  of  Physiol.,  22;  v.  Zeynek,  Arch.  f.  (Anat.  i.)  Physiol.,  1899; 
Hijfner,  ibid. 

'Jaderholm,  Zeitschr.  f.  Biologic,  16;  Saarbach,  Pfliiger^s  Arch  ,  28;  Araki,  Zeit- 
schr. f.  physiol.  Chem..  14. 
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over  t€  the  spectrum  of  reduced  hiemoglobin,  while  a  hsematin  solution 
under  the  same  conditions  gives  the  spectrum  of  an  alkaline  haeinochromogen 
solution  (see  below).  Methseraoglobin  in  alkaline  solution  sho\%'s  two 
iibsorj^tion-bands  which  are  like  the  two  oxA'hseraoglobin  banils.  but  they 
differ  from  these  in  that  the  band  /?  is  stronger  than  a,  Ry  the  side  of 
the  band  a  and  united  with  it  by  a  shadow  lies  a  third  fainter  band  between 
C  an<l  Dj  near  to  Z).  According  to  other  investigators,  Araki  and  Dit- 
TRICH,  a  neutral  or  faintly  acid  metha?raog]obin  solution  shows  only  one 
characteristic  band^  a,  between  C  and  D,  whose  middle  corresponds  to 
about  ^=634.  The  two  bands  between  D  and  E  are  only  due  to  con- 
tamination vnih  oxyhieraoglobin  (Menzies*). 

Ciystallized  methsemoglobin  may  be  easily  obtained  by  treating  a  con- 
centrated solution  of  oxyhipmoglobin  with  a  sufficient  quantity  of  concen- 
trated postassiuni-ferricyanide  solution  to  give  the  mixture  a  porter-brown 
color.  After  cooling  to  O'^  C.  add  \  vol.  cooletl  alcohol  and  allow  the  mix- 
ture to  stand  a  few  days  in  the  told.  The  crystals  may  be  easily  purified 
by  recr\"stallizing  from  water  by  the  addition  of  alcohoL 

CyanmethEcraoglobin  (cyanhiemoglobin)  is,  according  to  Hald.\ne,  identical 
with  photomethtBmDglohin  (Bock),  whirh  is  j>roduoefl  by  the  iiiBuenre  of  sunlight 
upon  a  metbiemoglobin  s<3lutiou  rontaioing  |>otas8iym  ferri cyanide.  It  waa 
first  carefully  described  l>y  H.  Kobkrt  and  obtained  in  a  crystalline  form  by 
V.  Zky-NF/k/  It  ifl  immetliately  formed  in  the  cold  by  the  action  of  a  hydrocyanir- 
flcid  sfilution  upon  met  haemoglobin,  while  by  acting  u\yon  oxyhicmoglobin  only 
at  the  body  tem|jt*rature.  T!io  neutral  or  faintly  alkaline  solutions  show  a  spec- 
trum wliirh  is  very  similar  to  the  hiemo^lobin  si>e<^trum. 

Acid  hiemoglobin  is  a  coloring-matter  produceti  by  the  action  of  very  weak 
acids  upon  .oxyha^mogbtjin,  which  according  to  Harnack*  is  not,  as  used  to  be 
admitted,  identical  with  met  haemoglobin* 


CarboQ-monoxide  Hffimoglobiti  *  Ls  the  molecular  combination  between  1 
molecule  of  hsemoglobin  and  1  molecule  of  CO,  according  to  Htjfner,*  which 
contains  1.34  c,c.  of  carbon  monoxide  (at  0°  and  7GD  mm.  Hg)  fox  1  gram 
haemoglobin.  Tins  combiiuition  Is  stronger  than  the  oxygen  combination 
of  hjemoglobin.    The  oxygen  is  for  this  reason  easily  driven  out  of  oxyhjjpmo- 

*  Jjideryiolm,  L  c, ;  Bertin-Saaa,  Comp,  rend.^  100;  Dittrich,  Arch,  f.  exp.  Path,  u. 
Pharm.,  29;  Menzies,  Joum.  of  Phy^ioL*  17.  Important  references  on  methapmo- 
glohin  are  ;si\en  by  Otto,  Pfliiger's  Arch.,  31. 

*  HaJtlaru!*  Joum,  of  Physiol »  25;  Bock,  Skamd.  Arch,  f.  Phy^ioL,  6;  Kobert^ 
Pfliiger's  Arch.,  82;  v,  Zeynek,  Zeitschr.  f.  physioL  Chern.,  ^J5. 

^  Zeitschr.  f.  physioL  Chem.,  2l>. 

*  In  reference  to  carbon- laonoxido  hjt?moglobin  see  especially  Hoppe-Seyler,  Med. 
chem.  riitersuch.,  2Q1;  Centralbl.  f.  d.  mod.  Wiasensch.,  lSti4  and  lS65j  Zeitschr, 
f.  physioL  Chem.,  1  and  13. 

'  Du  Bois-Reymond*s  Archiv,  PhyaioL,  1S94.  On  the  dissociation  constant  of 
carbon-monoxide  htrmoglobin.  see  ibid.,  1895,  In  regard  to  the  contradictor)^  atate- 
menta  of  Saint^Martiu  and  others  and  their  disproval,  see  Hufoer,  Arch*  f,  (Anat.  u.) 
Physiol.,  1903. 
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globin  by  carbon  monoxide,  and  this  explains  the  poisonous  action  of  this 

^,  which  kiUs  by  the  expulsion  of  the  oxygen  of  the  blood.    In  regard 

to  the  division  of  the  blood  pigments  between  the  carbon  monoxide  and 

oxygen  under  different  partial  pressures  of  both  gases  in  the  air,  we  must 

iTefer  to  Hufner's  *  investigations,  whose  results  are  tabulated. 

The  carbon  monoxide  can  be  driven  out  by  a  vacuum  as  well  as  by  passing 

^^  indifferent  gas  or  oxygen  or  nitric  oxide  through  the  solution  for  a  long 

^ime,  and  in    these   cases   haemoglobin,   oxyhsemoglobin,  or   nitric-oxide 

^^semoglobin  are  formed.      The  carbon  monoxide  is  also  expelled  by  po- 

^■assium  ferricyanide  and  produces  methsemoglobin  (Haldane'). 

Carbon-monoxide  haemoglobin  is  formed  by  saturating  blood  or  a  haemo- 
SlobiQ  solution  with  carbon  monoxide,  and  may  be  obtained  as  crystals  by 
'^be  same  means  as  oxyhsemoglobin.  These  crystals  are  isomorphous  with 
^he  oxyhemoglobin  crj'stals,  but  are  less  soluble  and  more  stable,  and  their 
l>luish-red  color  is  more  marked.  For  the  detection  of  carbon-monoxide 
Ixaemoglobin  its  absorption-spectrum  is  of  the  greatest  importance.  This 
Bpectrum  shows  two  bands  which  are  very  similar  to  those  of  oxyhsemoglobin, 
T)ut  they  occur  more  towards  the  violet  part  of  the  spectrum.  The  middle 
of  the  first  band  corresponds  to  ^=572  and  the  second  to  ^  =  536.  These 
bands  do  not  change  noticeably  on  the  addition  of  reducing  substances ;  this 
constitutes  an  important  difference  between  carbon-monoxide  haemoglobin 
and  oxyhsemoglobin.  If  the  blood  contains  oxyhsemoglobin  and  carbon- 
monoxide  hsemoglobin  at  the  same  time,  we  obtain  on  the  addition  of  a 
reducing  substance  (ammoniacal  ferro-tartrate  solution)  a  nuxed  spectrum 
originating  from  the  haemoglobin  and  carbon-monoxide  hainioglobin. 

A  great  many  reactions  have  been  suggested  for  the  detection  of  carbon- 
monoxide  haemoglobin  in  medico-legal  cases.  A  simple  and  at  the  same 
time  a  good  one  is  Hoppe-Seyler^s  soda  test.  The  blood  is  treated  with 
double  its  volume  of  caustic-soda  solution  of  1.3  sp.  gr.,  by  which  ordinar}^ 
blood  is  converted  into  a  dingy  brownish  mass,  which  when  spread  out 
on  porcelain  is  brown  with  a  shade  of  green.  Carbon-monoxide  blood 
gives  under  the  same  conditions  a  red  mass,  which  if  spread  out  on  porce- 
lain shows  a  beautiful  red  color.  Several  modifications  of  this  test  have 
been  proposed.  Another  very  good  reagent  is  tannic  acid,  which  gives 
with  dilute  normal  blood  a  brownish-green  precipitate  and  with  carbon- 
monoxide  blood  a  pale  crimson-red  precipitate.' 

As  according  to  Bohr  there  are  several  oxylueraoglobins,  so  also,  according  to 
Bohr  and  Bock,*  there  are  several  carbon-monoxide  haemoglobins,  with  different 

>  Arch.  f.  expt.  Path.  u.  Phami.,  48. 

'  Joum.  of  Physiol.,  22. 

'  In  regard  to  this  test  (as  suggested  by  Kunkel)  and  others  we  refer  to  Kostin, 
Pfliiger's  Arch.,  84,  which  contains  a  very  excellent  summary  of  the  literature  on  the 
subject. 

*CentraIbl.  f.  Physiol.,  8,  and  Maly's  Jahresber.,  25. 
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amounts  of  carbon  monoxide.  As  hfcmoglobiri  can  unite  with  ox>'gen  and  carbon 
dioxide  simultaneously,  as  shown  by  Hon  Ft  and  Toru  p,  so  also  can  it  unite  with 
carbin  ninnctxidc  and  carlion  dioxide  sinmltaneuui^ly  indejxndently  of  each  olben 
Carbon-monoxide  methaemoglobin  ha^^  been  [aepared  by  Weil  and  v.  An  rep 
by  the  artion  ui  iri^tassiuni  peinniiiganatc  on  carbon-monoxide  ha moglobin, 
but  this  m  contratiictcd  by  Beutin-Sans  aud  Moitkssieh.*  Sulphur  methaemo- 
globin  is  the  nanic  given  by  Hmppe-Seyi^eh  to  that  coloring  matter  which  is 
Formed  by  the  action  of  sulphnrett*;d  hydrogen  upon  oxyha'Pio'ikibin.  The 
solution  hiis  a  pjecnish -red, dirty  color,  and  shows  two  absorption-l^ands  ^>et\\ien 
C  and  IJ,  This  coloring  matter  is  claimed  to  be  the  greenish  color  ^ecn  on  the 
surface  of  putrefying  flesh.  According  to  Harnack^  the  conditions  are  different 
when  Hn8  i^  passed  through  an  oxygen -free  sohititm  of  hiemoglubin  (or  carlion- 
monoxiJe  haemoglobin).  The  sulfluemoglobin  tlms  formed  shows  one  band  in 
the  red  between  C  and  D. 

Carbon-dioxide  Haemoglobin^  Carhohwmoglohin,  Htemoglobin,  accord- 
ing to  Bdhr  and  Torup/  also  fornLs  a  molecular  combination  with  carbon 
dioxide  whose  st)oetniin  is  similar  to  that  of  kpmoglubiii.  According  to 
JioHK  there  are  three  different  carbdnemogk4jiiis,  namely,  a-,  ^3-,  and 
y-carbohiemoglobin,  in  which  1  gnn.  conibin&s  with  respectively  1.5,  3,  and 
6  c.  c.  COj  (measured  at  0*^C\  and  760  mm.)  at  18°  C.  and  a  pressure  of  60 
nun.  mereur>\  If  a  birmoglobin  srdution  Is  shaken  with  a  mixture  of  oxygen 
and  carlion  dioxide,  the  ha^moglnbin  combines  loosely  wth  the  ox}^gen 
aa  well  tm  with  the  carbon  dioxide,  independently  of  each  other,  just  as  if 
each  gas  existed  alone  (Hohr),  He  considers  that  the  two  gases  are  com- 
bined with  different  parts  of  the  hemoglobin,  namely,  the  oxygen  with  the 
pigment  nucleus  and  the  carbon  dioxiile  with  the  proteid  eomixjnent. 
According  to  Torup  the  hieniiiglobin  must  therefore  be  partly  decomposed 
by  the  carbon  dioxide  setting  free  some  proteid, 

Witric-oiide  Haemoglobin  is  also  a  crystalline  molecular  combination 

which  i.s  even  stronger  than  the  carbon- monoxide  haemoglobin.     Its  solution 

shows  two  absori>tion-bands  which  are  paler  and  less  sharp  than  the  carbon- 

monoxide  hremoglobbi  bands,  and  the}^  do  not  disappear  on  the  addition  of 

reducing  bodies.     Hiemoglobui  also  forms  a  molecular  combination  with 

acetylene. 

Hftmorrhodia  is  the  name  given  by  Lehmann  to  a  beautiful  red  pigment 
soluble  in  alcohol  and  ether  and  which  is  extracted  froDi  meat  and  meat  products 
bv  boiling  alcohol  and  which  seems  to  lye  produced  by  the  action  of  small  amounts  of 
nitrites,  ^Vnother  pigment  isolated  by  Lewin  *  from  the  blood  of  animab  poi- 
Boned  by  phenyl  hydrazine  has  been  callt*d  hirmoi^rtlin.  By  heating  a  solu- 
tion of  blood  pigment  treated  with  caustic  potash  and  mixed  \*ith  alcohol  to 
60**  C,  we  obtain,  according  io  v.  Klaveren,  a  pigment  which  he  calls  kath<tmo- 


*  V,  Aarep,  Du  Hoi3-Re\Tiiond*d  Arch.,  1S80;  Sans  and  Moit^sier^  Compt  rend.,  llS. 
'Med.-chetn,  Untersuch.»  151.     See  Araki,  Zeitachr.  f.  physioL  Chera.,  14;    liar- 

nack,  1.  c. 

»Bohr.  Extrait  du  Bull  de  i'Acad.    Danobo,   1890;  CentralbL  L  Physiol.,  I.; 
Torup,  M:dy*8  Jahresber,,  17, 

*  K.  B.  I^ehmann,  Sitsungsber,  d,  phys.-med.  GeseUsch.     Wiinhuig,  1S99;  Lewm, 
Compt.  rend.,  1^. 
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glohin,  but  called  by  Arnold/  who  first  obtained  it,  neuiral  h^tmatinj  which  is  pro- 
duced by  the  splitting  off  of  a  ferruginous^  rnmplex.  This  pigment  still  conUiina 
proteid  but  is  poorer  m  iron  than  the  hiFmoglobiti  or  niethipiiioglobiri  and  proba- 
bly forms  an  intermediary  product  in  the  conversion  of  the  above  into  hiiematin. 

Decomposition  products  of  the  blood  pigments.  By  its  decomposition 
hiBmoglobin  yields,  as  previously  stated,  a  proteid,  which  has  been  called 
giobin  (Prever,  Schulz),  and  a  ferruginous  pigment  a*s  chief  i>niducts. 
According  to  Lawrow  94.09  per  cent  proteid ,  4.47  per  cent  hirinaliii,  and 
L44  per  cent  other  bodies  are  produced  in  this  decomposition.  The  globiii, 
which  was  isolated  and  studieil  by  Schulz/  difTers  fmm  most  other  pro- 
teids  by  containing  a  liigh  amoont  of  carbon,  54.97  per  cent,  with  16.89 
per  cent  of  nitmgeiL  It  is  iitsolublc  in  water  but  yevy  easily  soluble  in  acids 
or  alkalies.  It  is  not  dksolved  by  ammonia  in  the  presence  of  ammonium 
chloride.  Nitric  acid  precipitates  it  in  the  cold  but  not  when  warm.  It 
may  be  coagulateil  by  heat,  but  the  coagidum  is  readily  soluble  in  acids. 
Because  of  these  reactions  it  is  coasidcred  as  a  liiston  by  Sceiulz. 

The  i)igment  split  off  is  different,  depending  upon  the  conditions  under 
which  the  cleavage  takes  place.  If  the  decomposition  takes  jjlace  in  the 
absence  of  oxygen,  a  coloring  matter  is  obiaijied  which  is  caJk^l  by  Hoppe- 
Skvler  hiTmochromotjen,  hy  other  investigators  (Stokes)  reduced  hwmatin. 
In  the  presence  of  oxygen,  hsemochromogen  is  quickly  oxidized  to  hiematiii, 
and  there  is  therefore  obtained  in  this  case  ha^malin  as  a  colored  decomposi- 
tion product.  As  hiemoeliromogen  is  easily  converted  by  oxygen  into 
hfiematin,  so  this  latter  may  be  reconverted  into  ha^niochromogen  by  reiluc- 
ing  substances, 

Haemochromogen  was  cEscovered  by  Hoppe-Seyler.^  Iliemocliromogen 
^,  according  to  Huppe-Seyler,  the  colureil  atonuc  group  of  hieinoglobin 
[id  its  combination  with  gases,  and  this  atomic  group  is  combinetl  with 
proteids  in  the  jiigment.  The  characteristic  absorption  of  light  depends 
m  the  lifemocbromogen,  and  it  is  also  this  atomic  group  which  binds  in  the 
>xyha?mogl(3bin  I  molecule  of  oxygen  and  in  the  carbon-monoxide  htemo- 
globiri  I  molecule  of  carbon  monoxide  with  1  atom  of  inm,  Hoppe-Seyler 
has  observed  a  combination  between  biemocbromogen  and  carbon  mon- 
oxide, and  this  combination  shows  the  spectral  appearance  of  carbon- 
monoxide  hremoglobin.  By  the  retluctiun  of  ha?matin  in  alcoholio  anmio- 
niacal  sc»liition  by  means  of  hydrazine  x,  Zeynek  *  was  able  to  obtain  the 
solid  brownish-red  ammonia  combination. 

An  alkaline  hicmnchromogen  solution  has  a  bcautifid  chem^-red  color. 
It  shows  two  absoq>tion-bands,  first  deseribetl  by  Stokes,  one  of  which 

'  V.  Klaveren,  Zeitschr,  f.  physioL  Chem.,  33;  Arnold,  ibid,,  29. 
*Law«ow,  ibid.,  2ft;  Schub.  tbid,,  24. 
■  Hoppe-Seyler,  ibid.,  13. 
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is  dark  and  whose  center  corresponds  to  ^  =  556,4  between  Z>  and  E^ 
and  a  second  broader  band,  kss  dark,  which  covers  the  Fraunhofer 
lines  E  and  b.  The  middle  of  this  band  corresponds  to  A— 520.4.  In  acid 
solution  haemochnjinogen  shows  four  bands,  which,  according  to  J.vdeh- 
hol.m/  depend  on  a  mixture  of  bpmochromogen  and  hjematoporphyrin 
(see  below),  this  last  formed  by  a  partial  decomposition  resulting  from 
the  action  of  the  acid. 

Hiemochromogen  may  be  obtained  as  crystals  by  the  action  of  caustic 
8oda  on  hipmoglobin  at  IQif  C.  in  the  absence  of  oxygen  (HoppE'Seyleh). 
B}^  the  decomi*<jsition  of  hteinoglobiu  by  aciik  (of  course  in  the  absence  of 
air)  we  t>btaiii  htMiKichnmn.igcn  cuntaminated  with  a  little  hjematopor- 
phyrin.  An  alkaline  hLnmocliromogen  Si>lutioii  is  e^isily  obtauied  by  the 
actit>n  of  a  reducing  substance  (Stokes'  reduction  liquid)  on  an  alkaline 
hiematin  solution. 

Hsematin,  also  called  OxvH.EiiATiN,  is  sometimes  found  in  old  transu- 
dates. It  Is  formed  by  the  action  of  the  gastric  or  pancreatic  juices  on  oxy- 
ha-moglobin,  and  is  therefore  also  foimd  in  the  faeces  after  hemorrhage 
in  the  intestinal  canal,  and  also  after  a  meat  diet  and  food  rich  in  l>lood. 
It  is  stated  that  hjematin  may  occur  in  urine  after  poisoning  with  arseniu- 
retted  hytlrogen.  As  shown  above,  the  ha?matin  is  formed  by  the  decom- 
position of  oxyhemoglobin,  or  at  legist  of  htcmoglobin,  in  the  presence  of 
ox\'gen. 

The  statements  in  regard  to  the  composition  of  hasmatin  are  rather 
contradictor}^  which  seems  to  depend  upon  the  fact  that  different  ha?  ma  tins 
arc  forme<l  under  various  conditions  (Kuster^  K.  Morner).  CAZENEm^^ 
and  Bretau  have  analysed  ha:'raatin  fnim  different  kinds  of  blood  (ox, 
horse,  sheep)  and  have  f<iund  that  hrematin  from  a  certain  variety  of  blood 
has  the  same  composition,  while  that  from  a  different  species  of  animals 
has  a  different  composition.  According  to  Hoppe-Sevler  its  fomiula  is 
^^ai^aA-^i^'^^a^  t*^  Nexcki  and  Sieber,  which  corresponds  to  other  inves- 
tigators, the  formula  is  CaaHa^N^FeO^.  And  Kuster  finds  the  formula 
C^j^Ha/^N^Fe.  The  ha^matin  analyzed  by  K.  Morxer  had  the  formula 
^^.^MNiFeOj.  According  to  all  these  investigators  1  atom  of  iron  occuis 
with  ever}'  4  atoms  of  mtrogen.  According  to  CLoiiTTA,  and  also  Rosen- 
feld,*  hiematin  has  the  formula  CayHj^NjFeC^j,  with  1  atom  of  iron  for 
ever\'  3  atoms  of  nitrogen, 

*  Nord.  med,  Arklv,  16. 

"  lloppe-fieyler,  Med.  chem.  Untersuch.,  o25;  Nencki  and  Siehefp  Arch.  f.  cxp.  Path, 
u.  rharm.,  18  and  tJt>,  and  Ber.  ij,  tL  chem.  Gesellsch.,  IS;  Bmlobraeski,  Arch,  des 
Sficnc.  bioL  de  8t.  Petersbonrg,  5;  Kiister,  Beitr:ige  zur  Kenntnisa  des  Ha?matins, 
Tiibingen,  1896,  and  licr  d.  d.  chem,  Ciesellaeh,,  27  ant!  ^0,  and  Zeitschr.  f,  physiol, 
Chimi.,  40;  K.  Mumer,  Nord.  ined.  Arkiv.  Feslband.,  i81«7,  Xos.  1  and  20;  Clortta, 
Arch.  f.  exp.  Path,  u,  Phann,,  ilH;  Roscnfcld,  ibid,,  40;  Cazeneuve  and  Bretau,  Compt, 
rend.,  128. 
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Haematin  is  very  recistant  towards  boiling  concentrated  caustic  potash 
afi  weU  as  towards  boiling  hydrochloric  acid.  It  di^olves  in  concentrated 
sulphnric  acid  and  is  converted  into  hjeniatoporj^hyrin  with  the  splitting 
ofT  of  iron.  On  heating  dry  ha*niatin  it  yielils  abundant  pyrrol  On 
reduction  with  tin  and  hydrochloric  acid  a  botiy  similar  to  urobilin  is 
formefL  As  oxidation  product  of  hccmatin  in  glacial  acetic  acid  with 
itassium  bichromate  Ki  .steh  *  tt!)taiiied  the  imide  of  the  tribiLsic  hiematinic 
Did,  CbH,NO^,  which  is  also  prodnced  on  the  oxidation  of  hiemotopor- 
fihyrin  and  bilirubin. 

The  imide  of  the  tribasic  hfcmatinic  acid  which  is  a  derivative  of  raaleic  acid 

CO 
has  probably  the  formuJa  CjiH7(CO<JH><pQ>NH^  is  readily  transforracd  into 

the  anhydride  of  the  tribasic  htcniatioic  acidjC^H^O^,  having  the  probable  formula 

II        >0.     On    heating    the    imide  with   alcoholic   arnmoiiia    to 
COOH.CHjXHjX^CO 

130^  C*  it  splits  oiT  carbon  dioxide  and  the  imide  of  the  bibasic  hEematinic  acid, 
C^H^NOj,  is  obtained.  From  this  imifie  on  saponihcatiori  with  ban,*ta-water  we 
obtain  the  bariym  salt  uf  an  acid  whose   anhydride  is  methyl-cthvl  malclc-aeid 

aH;..aco 

Hflematin  is  amorphous,  dark  brown  or  bluish  Idack.  It  may  be  heated 
to  ISO''  C-  without  decomposition;  on  burning  it  leaves  a  residue  consisting 
of  iron  oxide.  It  is  insoluble  in  water,  dilute  acitls,  alcohol,  ether,  and 
chloroform  J  but  it  dissolves  slightly  in  warm  glacial  acetic  acid.  Ilsematin 
dissolves  in  acidified  alcohol  or  ether.  It  easily  dissolves  in  alkalies,  even 
when  ver)-  dilute.  The  alkaline  solutions  are  dichroitlc;  in  thick  layers 
^ley  appear  red  by  transmitted  light  and  in  thin  layers  greenish.  The 
jkaline  solutions  are  precipitated  by  lime-  and  bar>^t4i-water,  as  also  by 
sohi lions  of  neutral  salts  of  the  alkaline  earths.  The  acid  solutions  are 
always  brown. 

An  acid  hflcmatin  solulioji  absorbs  the  red  part  of  the  spectrum  less  and 
the  violet  parts  more.  The  stilution  shows  a  rather  sharply  defmetl  band 
between  C  and  D  whose  position  may  change  with  the  variety  of  acid  useil 
as  a  solvent.  Between  D  and  F  a  second,  much  broader,  less  sharply 
defined  band  occurs  which  l.>y  projier  dilution  of  the  liquitl  ia  con^'erted  into 
two  bands.  The  one  between  h  vnwl  Fj  lying  near  F,  is  darker  and  broatler, 
the  other,  between  D  and  E^  lying  near  E,  is  lighter  and  narrower.  Also 
by  proper  dilution  a  frnjrth  vev}'  faint  liand  is  observed  between  D  and  E, 
lying  near  D\  Htcmatin  may  thus  in  acid  sohition  show  four  absorjit ion- 
bands;  ordinarily  one  sees  distinctly  only  the  bands  Ijetween  C  and  D  and 
the  broad,  dark  band — ^or  the  two  bands — between  D  and  F.    In  alkaline 


*  W.  KiHtrr,  Ber  d,  d,  chem.  Gesf?ll8eh..  30,  32,  and  S5;  Zeitschr.  f.  physiol.  Chem., 
2i*  and  Anaiil.  d.  Chera,  u,  Pliann  ,  31^. 
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Bolutioii  hTmatin  shows  a  broad  absoi-ption-bamU  which  lies  in  greatest 
part  between  C  and  /),  but  reaches  a  little  over  the  line  D  towards  the 
ri^ht  ill  the  space  between  D  and  E.     As  the  position  of  the  hspinatin 
bands  in  the  sjiertrura  arc  quite  variable,  the  exact  wave-leiigtlis  corre-  j 
si^ondin*:  thereto  cannot  be  given  exactly. 

Haemin,  H.t:min  Crystals,  or  Teichmann's  Crystals,    Hsemin  is  the  ' 
hydrochloric-acid  ester  of  ha?matin  and  is  the  starting-point  in  the  prepara- 
tion of  the  latter. 

The  slatcnvcnts  as  to  the  composition  of  hirmin  arc  just  as  variable  as  those  for 
hcematiii,  which  i«  piirlly  <iuc  to  the  Uivl,  as  shown  by  NExrKi  and  Zaleski,'  that 
the  hitijuiliii,  whirb  contains  two  hydroxyls  in  I  lie  inuiefule,  may  form  ethers  with 
acids  and  alkyl  radiads*  whirli  also  yield  addition  products  with  iadififerent 
eomjKiuuds.  Thu^  the  tiirmin  pre])arcd  ucconliii^  to  Nencki  and  Sieber** 
met hdd  con tai ns  am yl  alcuhi >1 ,  iC^l  1  ,j >» ^ FifC  \C] ) ^X^H ^X>.  Schalfejeff  's  ha»min, 
having  the  formula  CJi^.X^FeO^Cl,  contains  an  acetyl  n^roup  and  is  called  acet- 
ha^min.  Mohneh's  hieniin^  Cj^^ll^N^FeO^Cl,  is  a  moncthyl  ether  of  aceth^endn 
and  has  the  fonnula  t'j,^HjjXJ"eO/1.  Accradiog  lo  Ki  sTKii^  tbe.se  last -mentioned 
views  arc  not  correct  and  the  question  as  to  Xencki  and  Zaleski '^  explanation 
of  these  contradictory  statements  requiics  fyrther  elucidation*  Kvster'  finds 
that  the  hirmin  hnmd  to  ha%'c  a  different  composition  by  various  invest ip^ators 
are  all  the  same  chemical  individual.  All  ha^nuns  have  the  same  empirical  fcinnula, 
CjJijjOjNiFeCl,  lie  nee  tli+^rc  is  only  rnie  hiemin.  On  sokuion  of  the  hiemin  in 
alkali  an  intramolecuhtr  change  takes  place.  By  the  action  of  b»jiljn^  aniline  uy^on 
hticniin  HCl  and  H  are  expelled  and  itnilinc  is  taken  up  without  the  expulsion  of 
iron. 

TIaemin  crj^stals  form  in  large  masses  a  bluish-black  ]io\vder,  but  are  so 
small  that  thev  can  onh^  be  seen  bv  aid  uf  the  niicroscupe.  Thev  consist 
of  dark-brown  or  nearly  brownish-black  long,  rhombici  or  spool-like  cryistalSj  ■ 
isolated  or  p:roiiped  as  crosses,  roscttcSi  or  stellar  forms.  Cubical  crystals 
may  alsci  occur ^  according  to  Cloi-^tta.  They  are  insoluble  in  water,  dilute 
acids  at  the  nonnal  temperature,  alcohol,  ether,  and  chlorofurnL  They  are 
slightly  soluble  in  glacial  acetic  acid  with  heat.  They  dissolve  in  acidi- 
fied alcohol^  as  also  in  dilute  caustic  or  cai-bonated  alkalies;  and  in  the 
last  case  they  form^  besides  alkali  chlorides,  soluble  hseraaliu  alkali,  from 
which  the  hsematin  may  be  precipitated  by  an  acid. 

The  principle  of  the  preparation  of  hspinin  ciystals  in  large  quantities  is 
as  follows:  The  washed  sediment  from  the  blood-cur]>uscles  is  coagulatetl 
with  alcohol  or  by  boiling  after  dilution  with  water  ami  the  careful  addition 
of  acid.  The  strongly  pressed  l>ut  n<jt  diy  mass  is  riibl>ed  with  lKJ-95  |:cr 
cent  alcohol  which  has  been  previously  treated  with  oxalic  acid  or  A-1  jcr 
cent  concentrated  suli>hunc  acid,  and  this  is  allowed  to  stand  several  lujurs 
at  the  temperature  of  the  room.  The  filtrate  is  warmed  to  about  TO^^C, 
treated  with  hytirochloric  acid  (for  each  liter  of  filtrate  add  10  c.  c,  25  per 

*  Zeitachr.  f.  physio!,  Chem,,  30,     See  also  foot-note  2,  page  176. 
'Ber.  d.  d.  chein.  Gesellsch,,  35. 

•  Zeitschr.  f.  physiol.  Chem. ,  40, 
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cent  hydrochloric  acid  diluted  with  alcohol — Morner),  and  allowed  to 
stand  in  the  cold.  The  crystals,  which  separate  in  one  or  two  days,  are 
first  washed  with  alcohol  and  then  with  water.  For  particulars  as  to  the 
various  methods  we  refer  the  reader  to  the  cited  works  of  Nencki  and  Sieber, 

Cuo'ltTTK,    KtJSTER,  MORNER,    ROSENFELD,    NeNCKI    and    ZaLESKI    (SCHAL- 

fejeff). 

Haematin  is  obtained  on  dissolving  the  haemin  crystals  in  very  dilute 
caustic  alkali  and  precipitating  with  an  acid. 

In  preparing  hsemin  crystals  in  small  cjuantities  proceed  in  the  following 
manner:  The  blood  is  dried  after  the  addition  of  a  small  quantity  of  com- 
mon salt,  or  the  dried  blood  may  be  rubbed  with  a  trace  of  the  same. 
The  dry  powder  is  placed  on  a  microscope-slide,  moistened  with  glacial 
acetic  acid,  and  then  covered  with  the  cover-glass.  Add,  by  means  of  a 
glass  rod,  more  glacial  acetic  acid  by  applying  the  drop  at  the  edge  of  the 
cover-glass  imtil  the  space  between  the  slide  and  the  cover-glass  is  full. 
Now  warm  over  a  very  small  flame,  with  the  precaution  that  the  acetic  acid 
does  not  boil,  and  pass  ^^^th  the  powder  from  under  the  cover-glass.  If  no 
cr^'-stak  appear  after  the  first  warming  and  cooling,  warm  again,  and  if 
neces3ar\'  add  some  more  acetic  acid.  After  cooling,  if  the  experiment  has 
been  properly  performed,  a  number  of  dark-brown  or  nearly  black  hamin 
cr\'stals  of  varying  forms  will  be  seen . 

In  regard  to  the  preparation  of  iodohaematin  and  the  use  of  the  same 
for  the  detection  of  blood  we  must  refer  to  Strzyzowski's  communication.^ 

By  the  action  of  acids  upon  ha?mochromogen,  haematin,  or  ha^min  a 
new  iron-free  pigment,  which  was  first  closely  studied  by  Hoppe-Seyler 
and  called  hctmatoporphyriny  is  produced.  According  to  the  method  of 
preparation  ha^matoporphyrins  having  different  solubilities  and  whose 
relationship  to  each  other  is  not  perfectly  clear,  are  produced,  but  all  show 
the  same  characteristic  absorption  spectrum.  The  best  studied  ha?mato- 
pf>rphyrin  is  the  one  obtained  according  to  Nencki  and  SiKiiER's  method, 
by  the  action  of  glacial  acetic  acid  saturated  with  hydrobromic  acid  upon 
ha»min  cr\-stals,  best  at  the  temperature  of  the  body  (Nencki  and  Zaleski  ^). 

Haematoporph3rrin,  CieHigNzOa,  or  Cg^HagN^Oe  according  to  Zalkski^. 
This  pigment,  according  to  Mac  Munn,*  occurs  as  a  physiological  pigment 
in  certain  animals.  It  occurs,  as  shown  by  Garrod  and  Saillet,  as  a  nonnal 
constituent,  although  only  as  traces,  of  human  urine.  It  occurs  in  greater 
quantities  in  human  urine  especially  after  the  use  of  sulphonal  (see  Chap- 
ter XV) . 

The  formation  of  ha^matoporphyrin  from  haematin  can  be  expressed 
by  the  following  equation  if  we  start  with  Nencki 's  formula  for  haematin: 
C3,H32X,FeO,+2H20-f  2HBr=2Ci6Hi8NA+l^>Br2+H2.  On  heating  ha^mato- 

»  Therapeut.  Monatshefte,  1901  and  1902. 

'  Hoppe-Seyler,  Med.-chem.  Untersuch.,  528;  Nencki  and  Sieber,  Monatshefte  f. 
Chem.,  9,  and  Arch.  f.  expt.  Path.  u.  Pharm.,  18,  20,  and  24;  Nencki  and  Zaleski, 
Zeitschr.  f.  physiol.  Chem.,  30. 

'/feiJ.,37,  54. 

*  Journ.  of  Physiol.,  7. 
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porph>Tm  it  generates  an  odor  of  pyrroL    On  oxidation  with  bichromate  bjxJa 
glacial  acetic  acid  it  yields  hfcmatinic  acid  (see  pa^e  177).    A  pigment  closel^^ 
allied  to  the  urinary  pigment  urobilin  has  been  obtained  by  the  action  ^^^ 
reducing  substances  on  hccniatoporphyrin   (Hoppe-Seyler,  Nencki  a»^ 
SiKiiER,  Le  Nobel.,  Mac  Munn),     On  the  aclminiiitration  of  hsernatopn* 
pyhrin  to  rabbits,  Nencki  and  Rotschy^  observed  that  a  part  was  reduce^^^ 
to  a  substance  similar  to  urobilin . 


Of  especial  interest  are  the  recent  investigations  of  Nencki,  !^!archlew8K-»^ 
and  Zaleski  •  upon  the  reduction  produi-ts  of  hiL'matoporphwin  and  their  rela- — ' 
tionship  to  the  chlornphyll  derivatives.     By  the  action  of  glacial  acetic  arid  con — 
taining   HI    and    iodoftliDsphotnuni    u|K)n    hannin    or   ha^mochromogr?n    Nencki: 
and  Zaleski  obtained  a  niarkeUly  diaracteristic  pigment^  me.wporphyrin,  havings 
the  formula  CkH^^N/)-;,  or,  according  to  Zaleski,'  Cj^H^^NiO^,  and  which  stands- 
in   a   certain   measure   between  htc^matoj)or|Thyrin,   CiaH^jN/),^   and  the  ehJoro* 
phyll  derivative  phjlhporjikyrin ,  CibHj^N^O,  which  is  very  similar  to  hiemato- 
ptirphyrin*     By  the  action  of  the  same  reducing  agent  upon  hiemin  or  ha>mo- 
chromogen.but  under  other  conditions,  we  ol>taiu  hitmttp\irni!^i\\{^^^,  a  colorless 
oil,  which  in  the  air  gradually  changes  into  urobilin.     Hnnnopyrrol  is  produced 
by  the  action  of  the  same  reducing  agents  u|>on  the  chlorophyH  derivati\'e  pkyllO' 
cifaniti  (Xencki  and  MAUCHLEWSKt),  whieh,  as  aljovc  remarked,  shows  a  close 
relationship  between  the  blood  pigment  and  cliloro{>hylh 

Ha?matoporphyrin  is,  according  to  Nencki  and  Sieeer,  isomeric  with 
the  bile  pigment  bilirubin  and  like  this  latter  gives  a  play  of  colors — green, 
bluc^  and  yellow — when  trcateil  with  fuming  nitric  acid.  The  hydrt>chioric- 
acid  combination  crystallizes  in  long  Iirownish-retl  neetlles.  If  the  solution 
in  hydrochloric  acid  is  nearly  neutralizeil  with  caustic  soda  and  then  treated 
with  sodium  acetate,  the  pigment  separates  out  as  amorphous,  brown 
flakes  not  readily  soluble  in  amyl  alcohol,  ether,  and  chlorofomi,  but  readily 
soluble  in  ethyl  alcohol,  alkalies j,  and  <lilut€  mineral  acids.  The  combina- 
tion with  sodium  cr^'stallizes  as  small  toft.s  of  thrown  en^stals.  The  acid 
aleoholic  solutions  hav-e  a  beautiful  purple  color^  w*hich  becomes  violet^ 
blue  on  the  acklition  of  large  quantities  of  acid.  The  alkaline  solution  has  a 
beautiful  red  color,  especially  when  not  too  much  alkaU  is  present. 

An  alcohohc  solution  of  hiematoporpliyrin,  acidulated  with  hytlroehlorie 
or  sulphuric  acid^  shows  two  absoriUion-bands,  one  of  which  is  fainter  and 
narrower  and  lies  between  C  and  D,  near  D.  The  other  is  much  darker, 
sharper,  and  broader,  and  lit^s  in  the  middle  between  D  and  E.  An  absorp- 
tion extends  from  these  bands  towards  the  red,  teroiinating  with  a  dark 
edge,  which  may  be  eonsideral  as  a  third  band  between  the  other  two. 

A  fhlut^  alkaline  solution  shows  four  bantis,  namely,  a  band  between  C 
and  D;  a  second,  bromler,  surroumling  D  and  with  its  broadest  part  between 

*  Hoppe-Seyler,  1.  c,  523 r  Le  Nobel,  Pfluger's  Arch.,  40;  Mae  Munn,  Proc.  Roy. 
6oc.,  30,  ami  Joum.  of  Physiol.,  10;  Xencki  and  Rotschy,  Monatshefte  f.  Chem.,  10, 

*  See  foot-note  2,  page  1(>5* 
'  Zeitfichr.  f.  physiol.  Chem.,  ^7. 
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Dand  £;  a  third  between  D  and  £,  nearly  at  E)  and  lastly,  a  fourth  broad 
and  dark  band  between  h  and  F.    On  the  addition  of  an  alkaline  zinc- 
chloride  solution  the  spectrum  changes  more  or  less  rapidly/  and  finally 
a  spectnmi  is  obtained  with  only  two  bands,  one  of  which  surrounds  D 
and  the  other  lies  between  Z>  and  E,    If  an  acid  haematoporphyrin  solu- 
tion is  shaken  with  chloroform,  a  part  of  the  pigment  is  taken  up  by  the 
chloroform,  and  this  solution  often  shows  a  five-banded  spectrum  with 
two  bands  between  C  and  D.    The  position  of  the  hamatoporphyrin  bands 
Ux  the  spectrum  differs  with  the  various  methods  of  preparation  and  other 
Conditions,  so  that  they  do  not  correspond  to  the  same  wave-length. 

In  r^ard  to  the  preparation  of  haematoporphyrin,  see  Hoppe-Seyler- 
Thierfelder's  Handbuch,  7.  Aufl.,  and  the  works  cited  page  179. 

H^inatinogen  is  a  ferruginous  pigment  so  named  by  Freund,'  which  he  ob- 
tained by  carefuUy  extracting  bloc^  with  alcohol  containing  hydrochloric  acid. 
It  is  closely  related  to  hseroatin,  but  is  not  sufficiently  characteristic  and  is  not 
considered  as  a  cleavage  product. 

Hflematoidiny  thus  called  by  Virchow,  is  a  pigment  which  crystallizes 
in  orange-colored  rhombic  plates,  and  which  occurs  in  old  blood  extravasa- 
tions, and  whose  origin  from  the  blood-coloring  matters  seems  to  be  estab- 
lished (Langhans,  Cordua,  Quincke,  and  others  ').  A  solution  of  ha?ma- 
toidin  shows  no  absorption-bands,  but  only  a  strong  absorption  of  the 
violet  to  the  green  (Ewald  *).  According  to  most  observers,  hsematoidin 
is  identical  with  the  bile-pigment  bilirubin.  It  is  not  identical  with  the 
cr}'stallizable  lutein  from  the  corpora  lutca  of  the  ovaries  of  the  cow  (Pic- 
colo and  LiEBEN,''  Kuhxe  and  Ewald). 

In  the  detection  of  the  above-described  blood-coloring  matters  the 
spectroscope  is  the  only  entirely  tnistworthy  means  of  investigation.  If  it 
is  only  necessary  to  detect  blood  in  general- and  not  to  determine  definitely 
whether  the  coloring-matter  is  haemoglobin,  methsemoglobin,  or  hfrmatin, 
then  the  preparation  of  haemin  crystals  is  an  absolutoly  jxKsit ivo  pKx  f.  1  he 
reader  Is  referred  to  more  extended  text-books  for  exacter  methods  for  the 
detection  of  blood  in  chemico-legal  cases,  and  it  is  perhaps  sufficient  to  give 
here  the  chief  points  of  the  investigation. 

If  spots  on  clothes,  linen,  wood,  etc.,  are  to  be  tested  for  the  j^resence 
of  blood,  it  is  best,  when  possible,  to  scratch  or  shave  off  as  much  as  pos- 
sible, rub  vnih  common  salt,  and  from  this  prepare  the  hapmiu  crystals. 
On  obtaining  positive  results  the  presence  of  blood  is  not  to  be  doubted. 
When  sufficient  material  is  not  obtained  by  the  above  moans,  soak  the  sj)ot 
with  a  few  drops  of  water  in  a  watch-crj^stal.     If  a  colored  solution   is 


*  See  Hammarsten,  Skand.  Arch.  f.  Physiol.,  3,  and  Garrod  Joum.  of  Physiol.,  13. 
'  Wien.  klin.  Wochenschr.,  1903. 

'  A  comprehensive  review  of  the  literature  pertaining  to  ha?matoidin  may  be  found 
in  Stadelmann:  Der  Icterus,  etc.     Stuttgart,  1891.     Pages  3  and  45. 

*  Zeitschr.  f.  Biologie,  22,  475. 

•Qt.  from  Gorup-Besanez :  Lehrbuch  d.  physiol.  Chem.,  4.  Aufl.,  1878. 
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thus  obtained,  then  remove  the  fibres,  wood-sha^dngs,  and  the  like  as  far  as 
paswible,  and  allow  the  solution  to  dn^  in  the  wat^h-glajss.  The  dried 
residue  may  be  parth^  used  for  the  spectroscope  t43«t  directly,  and  part 
may  be  employed  in  the  preparation  of  the  ha?min  eiystiils.  It  may  also 
be  used  to  tletect  ha?mochroiuogen  in  alkaline  solution  after  previous  treat- 
ment with  alkali  and  the  addition  of  reducing  std:)stances* 

If  a  cidorless  solution  is  obtained  after  soaking  with  water,  or  the  spots 
are  on  rusty  iron,  then  digest  with  a  little  dilute  alkali  (5  p.  m.).  In  the 
presence  of  blood  the  solution  gives,  after  neutralization  with  hydrochlnriG 
aeid  and  tlrying,  a  residue  which  may  give  the  hrcniin  crystals  with  glacial 
acetic  acid.  Another  part  of  the  alkaUne  solution  shows,  after  the  addi- 
tinn  of  Stokks'  reduction  fluid,  the  absorj^tion-bands  of  h^mochromoge-a 
in  alkaline  solution. 

The  methoLls  proposed  for  the  quantitative  estimation  of  the  blood- 
coloring  matters  are  partly  chemical  and  partly  physical. 

Among  the  chcraica!  methods  to  be  mentioned  is  the  ashing  of  the  blood 
and  ttie  determintttion  <>f  the  amoimt  of  iron  contained  therein,  from  whidi  the 
amount  of  hiT^moglobin  may  be  calculated.  Jolles  ^  has  recently  suggest^^d  a 
cliniral  method  baaed  on  the  incineration  of  the  blood  and  determination  of  the 
iron  in  the  ash. 

The  physical  methods  consist  either  in  a  colorimetric  or  a  spectroscopic 
investi^^ation. 


The  principle  of  HoppE-SEYLER^s  cclorimetric  rncthod  Ls  that  a  measured 
quantity  of  blood  Ls  diluted  with  an  exactly  measure<:l  riuantity  of  water 
until  the  diluted  blood  sulutit»n  has  the  same  color  as  a  pure  oxyhremo- 
gloliin  soUition  of  a  kuuwii  strength.  The  amount  of  cohering  matter 
present  in  the  undiluterl  Ij^hkI  may  be  easily  calculated  from  the  degree  t.'f 
tlilution.  In  the  cokirimetric  testing  we  use  a  glass  vessel  with  parallel 
sides  containing  a  layer  <rf  liquid  1  cm.  thick  (  HopfixSeyler's  hiematinora- 
eter).  The  use  of  Hoppe-^eyler's  colorimetric  double  pipette  is  more 
advantagc^)us.  tnhcr  *in  n\  afiparalus  have  been  constructed  l)y  Giacos A 
and  Zangermeister.^  Instead  of  an  oxyhiPmoglobin  solution  we  mvw  gen- 
erally use  a  carbon-monoxide  hc^emoglobin  solution  as  coniparist>n  liquid 
because  it  may  be  kept  for  a  long  time.  The  blood  solutirm  in  this  case 
is  saturated  with  carl  ion  monoxicie.^ 

The  quantitative  estimation  of  the  blooil-coloring  mattera  by  meaiLS  of 
the  spectroscope  may  be  done  in  different  w^ays,  but  at  the  present  time 
the  spcdropholomelric  method  is  chiefly  use<l,  and  this  seems  to  be  the  most 
relialjle.  This  method  Ls  based  on  the  fact  that  the  extinction  coelii?ient 
of  a  colored  li(|uid  for  a  certain  region  of  the  spectnun  is  directly  jiTopor- 
tional  to  the  conceutratinn,  so  that  C  lE^CiiE^,  when  C  and  ('i  repre- 
sent the  different  concentrations  and  E  and  E^  the  corresponding  coefficients 

'  Pfiuger's  Arch.,  (i'l,  and  MonatJ^hefte  f.  Chem.,  17. 

'  F.  Hoppe-Seyler,  Zeitschr.  t  phydol.  Chem.,  JO;  G,  Hoppe-Seyler,  tlnd.,  21; 
'\\  inti^milZt  ibid.:   Giacosa,  Maly^s  JaBresber.,  26;    Zangermebter,  Zeitsehr.  f.  BioIo> 

gi.%  a:J^ 

*8ce  Haldane,  Journ.  of  Physiol,  26. 
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of  extinction.    From  the  equation  ^7  =»  £r,  it  f oUows  that  for  one  and  the 

same  pigment  this  relation,  which  is  called  the  absorption  raHo,  must  be 
coi&tant.  If  the  absorption  ratio  is  represented  by  A,  the  determined 
extinction  coefficient  by  E,  and  the  concentration  (the  amount  of  coloring 
matter  in  grams  in  1  c.  c.)  by  C,  then  C=^A.E. 

Different  apparatus  have  been  constructed  (ViERORifr  and  Hlfner  *) 
for  the  determination  of  the  extinction  coefficient  which  is  equal  to  the 
negative  logarithm  of  those  rays  of  light  which  remain  after  the  passage  of 
the  light  through  a  layer  1  cm.  thick  of  an  absorbing  liquid.  In  regard  to 
this  apparatus  the  reader  is  referred  to  other  text-books. 

As  control  the  extinction  coefficients  are  determined  in  two  different  regions 
of  the  spectrum.  Hufner  has  selected  (a)  the  region  between  the  two  absorption- 
bands  of  oxyhsemoglobin,  especially  between  the  wave-lengths  554  /£/z  and  565  /£/£, 
and  (h)  the  region  fetween  the  two  bands,  especially  the  interval  between  the  wave 
iengths  531.5  fifi  and  542.5  /£/z.  The  constants  or  the  absorption  ratio  for  these 
two  regions  of  the  spectrum  are  designated  by  Hufner  by  A  and  A',  Before 
the  det<»rmination  the  blood  must  be  diluted  with  water,  and  if  the  proportion . 
of  dilution  of  the  blood  be  represented  by  V,  then  the  concentration  or  the  amount 
of  coloring  matter  in  100  parts  of  the  undiluted  blood  is 

C-IOO.F.A.E  and 
C-100.  V.A\E\ 

ThjB  absorption  ratio  or  the  constants  in  the  two  above-mentioned  regions 
of  the  spectrum  have  been  determined  for  oxyluemoglobin,  luemoglobin,  carbon 
monoxide,  and  methaemoglobin,  as  follows: 

Ox>'ha;moglobin Ao  -0.002070  and  A'^  -0.001312 

Hffimoglobin Ar  -0.001354  and  A'r  -0.001778 

Carbon-monoxide  haemoglobin. . .  Ac  -0.001383  and  A'^  =0.001263 

Methamoglobin A,«  =0.002077  and  A'^  =0.001754. 

The  quantity  of  each  coloring  matter  may  be  determined  in  a  mixture  of 
two  blood-coloring  matters  by  this  method;  this  is  of  special  importance  in 
the  determination  of  the  quantity  of  oxyhaimoglobin  and  haemoglobin  present 
in  blood  at  the  same  time. 

In  order  to  facilitate  these  determinations  HuFNEii'has  worked  out  tables 
which  give  the  relation  between  the  two  pigments  existing  in  a  solution  contain- 
ins:  oxy haemoglobin  and  another  pigment  (hsemoglobin,  methacmoglobin,  or  carbon- 
monoxide  haemoglobin),  and  thus  allowing  of  the  calculation  of  the  absolute  quan- 
tity of  each  pigment. 

Among  the  many  apparatus  constructed  for  clinical  purposes  for  the 
quantitative  estimation  of  hsemoglobin,  Flf:ischl\s  hamiometery  which  has 
undergone  numerous  modifications,  and  Henocquk's  hwmatoscope  are  to  be 
specially  mentioned.  In  regard  to  these  apparatus,  see  v.  Jaksch,  Klinische 
Diagnostik  innerer  Krankheiten,  4  Auflage,  1897,  and  Jaquet,  Corresp. 
Blatt.  f.  Schweiz.  Aerzte,  1897;  Gartner,  Munchener  Med.  Wochen- 
schr.,  1901. 

*  See  Vierordt,  Die  Anwendung  des  Spektralapparates  zu  Photometrie,  etc.  (Tubin- 
gen, 1873),  and  Hufner,  Du  Bois-Reymond's  Arch.,  1894,  and  Zeitschr.  f.  physiol.  Chem., 
S;  V.  Noorden.  ibid.,  4;  Otto,  Pfluger's  Arch.,  31  and  36. 

'Arch.  f.  (Anat.  u.)  Physiol.,  1900. 
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Many  other  pigments  are  found  besides  the  often-occurnng  h^Bmoglobm 
in  the  blood  of  iruertebratoH*  In  a  few  ArachnidiP,  Craslxicea,  Casteropoda, 
and  C<3phaloix*d!i^  a  body  analogous  to  ha'mofrlobin,  contaiiiinff  copper,  hrmo- 
cyanin,  liius  l>een  found  iiv  FnEhKRiCQ.  By  tile  taking  up  of  loosely  bound  oxygen 
this  bmJy  La  ttiu verted  into  blue  tixyhxmoajamn^  and  by  the  e,«icape  of  Uie  oxvgen 
beeonnes  rolorless  again*  Aeeordiiig  to  IIenzk  I  grm.  bjcmoryanin  combines 
with  about  0.4  c.  c.  oxvgen.  It  is  crvstulJini^  and  has  the  following  coinf^isition' 
C  53.(>6:  U  7.33;  X  U\m;  S  aSG;  Cu  0.:iS;  O  21.G7  per  eent.  A  coloring  matter 
called  chhrocntonn  by  Lankehtkh  is  found  in  certain  ChiPtopotL-e.  Hcimcrythm, 
so  railed  by  KRirrvENBKHr;  but  first  observed  by  Scuwalbk,  is  a  red  (okiHng 
matter  from  eertain  (Jejjhyrea.  liesidejs  htpmoryanin  we  find  in  the  lilofnl  of 
t-ertain  Crustacea  the  red  coloring  matter  tetrtwcrtfthrin  (Hallibitrton),  whirh 
is  also  widely  spread  in  the  animal  kingtloni.  Efhhtnchromt  so  nauM*d  by  Mac- 
JJunn/  is  a  brown  coloring  matter  occurring  in  the  perivisceral  fluid  of  a  variety 
of  eehinoderms. 

The  quanlitalive  constitulion  of  ike  red  hlood-corp^isclcs.  The  araoimt 
of  water  varies  in  difTereiit  varieties  of  blood  l^etween  570-(>44  p,  di,,  with 
a  correspond  big  atmamt,  430-356  p.  m.,  of  solids.  The  chief  mass,  about 
iVt^j '  of  the  dried  su Instance  consists  of  hemoglobin  (in  huniaii  and  nmm» 
mahan  hlyo<l). 

Aeennlitig  to  the  analyses  ot  Hoppe-Seixer  *  and  his  pupils,  the  red 
corpuscles  contain  in  1000  parts  of  the  dried  substance: 

H«emogl4Dbm  Pnj(ei<l.  LcN^itlilzi.  Choloileriii. 

Human    blood. 8aS^944  122-51  7.2-3.5            2,  5 

Dog^s          **    ,,.       805                 125  5.9                3,6 

Goose's       "    .... C27                  3L>4  4.6                4.8 

Snake's      * '     407  525 


Abderhaldex  found  the  foUo^-ing  composition  for  the  blood-corpuscles 
from  the  doincstic  atunials  investigated  by  him:  Water,  59L9-644.3 
p.  m.;  solids,  408.1-355.7  p.  m.;  haimoglobiji,  303.3-331.9  p.  m.;  proteid, 
5.32  (dog)-78.5  p.  m.  (sheep);  cholesterin,  0.388  (horse)-3.593  p.  m. 
(sheep);  and  lecithiTi,  2.296  (dog)-*.K55  n.  m. 

Of  special  interest  Is  the  varying  proportion  of  the  hEemoglobin  to  the 
proteid  in  the  nucleated  and  in  the  non-nucleatec!  blood-corpuscles.  These 
last  are  much  richer  in  haemoglobin  and  ]ioorer  in  proteid  than  the  others. 

The  amount  of  mineral  bwlies  in  various  species  of  animals  is  difTerent. 
According  to  Buxge  and  AnnERHALOEN  the  red  corpuscles  from  the  pig, 
horse,  and  rabbit  contain  no  soda,  while  those  from  man,  the  ox,  sheep,  goat 
dog,  and  cat  are  relatively  rich  in  soda.  In  the  five  last-mentioned  species 
the  amount  of  soda  was  2,135-2.850  p.  m.  The  quaotity  of  potash  was 
0.257  (dog)-0.744  p.  m*  (sheep)*     In  the  horse,  pig,  and  rabbit  the  quantity 

'  Fredericq,  Ext  rait  des  Bulletins  de  TAcad,  Roy.  de  Belgique  (2),  46,  1S7S;  Lan* 
kester,  Jovim.  of  Anat.  and  Physi«jl.,  2  and  4;  Heaze,  Zeitschr.  f.  physiol.  Chem.,  33; 
Krukenberg,  see  VergL  Physiol.  Studiea,  KeUie  I,  Abth,  3.  IIeidell>erg,  1880;  Halli- 
burton, Journal  of  Physiol.,  6;  MacMaan,  Quart.  Joum.  Microsc,  Science,  1885, 

'  M€d,-chem.  Unterauch.,  390  and  393. 
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of  potash  was  3.326  (horse)-5.229  p.  m.  (rabbit).  Human  blood-corpuscles 
contidnj  according  to  Wanach,  about  five  times  as  much  potash  as  soda^ 
on  an  average  3.99  p.  m.  potash  and  0.75  p.  m.  soda.  The  nucleated 
er3rthrocytes  of  the  frog,  toad,  and  turtle  contain,  according  to  Bottazzi 
and  Cappelli,^  also  considerably  more  potassium  than  sodium.  Lime  is 
daimed  to  be  absent  in  the  blood-corpuscles,  and  magnesia  occurs  only 
in  small  amounts:  0.016  (sheep)-0.150  p.  m.  (pig).  The  blood-corpuscles 
of  all  animals  investigated  contain  chlorine,  0.460-1.949  p.  m.  (both  in  horse), 
generally  1  to  2  p.  m.,  and  also  phosphoric  acid.  The  amount  of  inorganic 
phosphoric  acid  shows  great  variation:  0.275  (sheep)-1.916  p.  m.  (horse). 
All  above  figures  are  calculated  on  the  fresh,  moist  blood-corpuscles. 

By  quantitative  determinations  of  the  swelling  and  shrinking  of  the  cells 
under  the  influence  of  XaCl  solutions  of  various  concentration  or  of  serum  of 
various  dilutions,  Hamburger  has  attempted  to  determine  for  the  erythrocytes, 
as  well  as  the  leucocytes,  the  percentage  relationship  between  the  two  chief  con- 
stituents of  the  cells  (the  frame  and  the  intracellular  fluid).  He  found  that  the 
Tolume  of  the  frame  substance  for  both  varieties  of  blood-corpuscles  of  the  horse 
w'as  equal  to  53-56.1  per  cent.  The  volume  for  the  red  blood-corpuscles  was 
for  the  rabbit  48.7-51 ;  hen,  52.4-57.7,  and  for  the  frog,  72-76.4  per  cent.  Koeppb 
lias  raised  objections  to  these  determinations.' 

The  White  Blood-Corpuscles  and  the  Blood-Plates. 

The  White  Blood-corpuscles^  also  called  Leucocytes  or  Lymphoid 
Cells,  which  occur  in  the  blood  in  varying  shapes  and  sizes,  form  in  a  state 
of  rest  spherical  lumps  of  a  sticky,  highly  refractive,  non-membranous 
protoplasm,  capable  of  motion,  and  which  show  1-4  nuclei  on  the  addi- 
tion of  water  or  acetic  acid.  In  human  and  mammalian  blood  they  are 
larger  than  the  red  blood-corpuscles.  They  have  also  a  lower  specific 
gravity  than  the  red  corpuscles,  move  in  the  circulating  blood  nearer  to  the 
walls  of  the  blood-vessels,  and  have  also  a  slower  motion. 

The  number  of  white  blood-corpuscles  varies  not  only  in  the  different 
blood-vessels,  but  also  under  different  physiological  conditions.  As  an 
average  there  is  only  1  white  corpuscle  for  350-500  red  corpuscles.  Accord- 
ing to  the  investigations  of  Alex.  Schmidt  '  and  his  pupils,  the  leucocytes 
are  destroyed  in  great  part  on  the  discharge  of  the  blood  before  and  during 
coagulation,  so  that  discharged  blood  is  much  poorer  in  leucocytes  than 
the  circulating  blood.  The  correctness  of  this  statement  has  been  denied 
by  other  investigators. 

From  a  histological  standpoint  we  generally  discriminate  between  the 

*  Bunge,  Zeitschr.  f.  Biologie,  12,  and  Abderhalden,  Zcitschr.  f.  physiol.  Cheiii.,  23 
and  2o;  Wanach,  Maly's  Jahresber.,  18,  88;  Bottazzi  and  Cappelli,  Arch.  Ital.  de  Biolo- 
gie,  82. 

'Hamburger,  Arch.  f.  (Anat.  u.)  Physiol.,  1898;  Koeppe,  ibid.,  1899  and  1900. 

•  Pfluger'8  Arch.,  11. 
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'different  kinds  of  colorless  blood-corpus€les;  chemically  considered,  how- 
ever, there  is  no  known  essential  difference  lietween  tliem.  With  regard  to 
their  irn]>ortanee  in  the  coagulation  of  fibrin  Alex.  Schmidt  and  his  pupils 
vdistingnish  betAveen  the  leucocytes  which  are  destroyed  by  the  coaguklkin 
und  those  which  arc  not.  The  la^st  mentione<l  give  with  alkali(^  or  coniraon- 
salt  solutions  a  slimy  mass;  the  first  do  not  show  such  behavior. 

The  protoplasm  of  the  leucocytes  has  during  life  amoeboid  movements 
M*hich  ]iart!y  make  possil>le  the  w^andering  of  the  cells  and  partly  the  taking 
up  of  smaller  grains  or  foreign  bodi^  within  the  same.      On  these  grounds 
the  occurrence  of  myosin  in  them  has  been  admitted  even  without  any 
special  proof  thereof.    Alex.  Schmidt  claims  to  have  found  scrg!obidin  in 
equine-blood  leucocytes  which  have  been  washed  ^\'ith  ice-cold  water.  There 
are  also  certain  leucocytes,  as  above  stated,  which  yield  a  slimy  mass  when 
treated  with  alkalies  or  XaCl  solutions,  which  seems  to  be  irlentical  with  the 
^o-called  hyaline  substance  of  Rovida  found  in  the  pus-cells.     On  digesting 
the  leucocytes  with  w^at^r,  a  solution  of  a  protein  body  is  obtained  which  cm 
be  precipitated  by  acetic  acid,aoil  forms  the  chief  mass  of  the  leucoc}'tes. 
This  substance,  which  is  unduubtedly  concerned  in  the  coagulation  of  the 
blood,  has  been  described  under  different  names  (see  Chapter  V,  page  116), 
and  consists,  chiefly  at  least,  of  nncleoprot^id.    The  ordinar>^  view  that 
this  is  nuclecdiiston  does  not  seem  to  be  correct,  accordhig  to  the  re 
investigations  of  Bang,*  and  further  proof  is  necessar^^ 

Glycogen,  as  above  stated,  isi  found  in  the  leucocytes.  The  glyco^B 
found  by  IIuppekt,  Czerxy,  Dastre,*  and  others  in  blood  and  lymph 
probably  originated  from  the  leucocytes.  The  constituents  of  the  leuco- 
cytes are  the  same  as  the  constituents  of  the  cell  as  desciibed  in  Chapter  Y, 

The  blood-plates  (liizzozERo's),  ha^matoblasts  (Hayem),  whose  nature, 
preformed  occurrence,  and  physiological  importance  have  been  much  ques- 
tioned, are  ]iale,  colorless,  gimimy  disks^  round  or  more  o^'al  hi  shape  and 
generally  with  a  tliameter  two  or  three  times  smaller  than  the  red  blood- 
corpuscles.  The  blood-plates  separate  into  two  substances  by  the  action  of  ■ 
different  reagents,  namely,  t)ne  which  Ls  homogeneous  and  non-refractive» 
while  the  other  is  highly  refractive  and  granuhir.  Blood-plates  readil}^ 
etick  together  and  attach  themselves  to  foreign  bodies.  I 

According  to  the  researches  of  Kossel  and  of  LiLtENFELo'  the  blood- 
plates  consist  of  a  chemical  combination  between  pmteid  and  nuclein, 
find  hence  they  are  also  called  nuclein-plates  b}'  Lilikxfkld,  and  are  con- 

^  I.  Bmig.  StiiJier  over  Ntiklet:> pro tei tier.     Kristianiii,  1902. 

*  Huppcrt.  Contralbl  1  Phyaiol.  Ti,  394;  Cstcmy,  Arch.  f.  exp.  Path,  u,  Pharm,.  31 J 
Daaf  re,  Compt.  rend.,  IM,  and  Arch,  de  Physiol,  (o),  7, 

*  In  regard  to  the  literature  of  the  blood-plates,  see  Lilienfeld^  Du  Boid-Reymond*s 
Archiv,  1S92,  and  "  Leiikocy teu  und  JJlutgerinnung/'*  Verhandl.  d.  physioL  Gescllsch. 
iEVi  Berlin,  lS92j  and  idso  Mosen,  Du  Bois-Uey mond 's  Arck,  1S93,  and  Maly 's  Jahre&- 
J>er.,30andai. 
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sidwed  as  derivatives  of  the  cell  nucleus.  It  seems  certain  that  the  blood- 
plates  stand  in  a  certain  relationship  to  the  coagulation  of  blood,  and 
according  to  Lilienfeld  the  fibrin  coagulation  is  indeed  a  function  of  the 
cdl  nucleus.    The  vdew's  on  this  subject  are  unfortunately  very  divergent. 

m.  THE  BLOOD  AS  A  MIXTURE  OF  PLASMA  AND  BLOOD-CORPUSCLES. 

The  blood  in  itself  is  a  thick,  sticky,  light  or  dark  red  liquid,  opaque 
even  in  thin  layers,  having  a  salty  taste  and  a  faint  odor  differing  in  differ- 
ent kinds  of  animals.    On  the  addition  of  sulphuric  acid  to  the  blood  the 
odor  is  more  pronounced.    In  adult  human  beings  the  specific  gravity 
iMges  between  1.045  and  1.075.    It  has  an  average  of  1.058  for  grown 
men  and  a  little  less  for  women.    Lloyd  Jones  found  that  the  specific 
gravity  is  highest  at  birth  and  lowest  in  children  when  about  two  years  old 
and  in  pregnant  women.    The  determinations  of  Lloyd  Jones,  Hammer- 
scHLiG,*  and  others  show  that  the  variation  of  the  specific  gravity,  depend- 
ent upon  age  and  sex,  corresponds  to  the  variation  in  the  quantity  of 
haemoglobin. 

The  determination  of  the  specific  gravity  is  most  accurately  done  by 
means  of  the  pyknometer.  For  clinical  purposes,  where  only  small  amounts 
are  available,  it  is  best  to  proceed  with  the  method  as  suggested  by  Ham- 
MERSCHLAG.  Prepare  a  mixture  of  chloroform  and  benzene  of  about  1.050 
sp.  gr.  and  add  a  drop  of  the  blood  to  this  mixture.  If  the  drop  rises  to 
the  surface  then  add  benzene,  and  if  it  sinks  add  chloroform.  Continue 
this  until  the  drop  of  blood  suspends  itself  midway  and  then  determine 
the  specific  gravity  of  the  mixture  by  means  of  an  areometer.  This  method 
is  not  strictly  accurate  and  must  be  performed  quickly.  In  regard  to  the 
necessar}^  details  refer  to  Zuntz  and  A.  L::vy.^ 

The  reaction  of  the  blood  is  alkaline  towards  litmus.  The  quantity  of 
alkali,  calculated  as  Na2C03,  in  fresh,  non-defil^rinated  blood  from  the 
dog,  horse,  and  man  is,  according  to  Loewy,  4.93,  4.43,  and  5.95  p.  m. 
respectively.  According  to  Strauss,  the  average  for  normal  human 
blood  may  be  calculated  as  about  4.43  p.  m.  Na/'Og.  Telow  3.3  j).  m, 
and  above  5.3  p.  m.  are,  according  to  him,  to  be  considered  as  pathological, 
V.  Jaksch  found  the  quantity  of  alkali  in  man  to  vary  between  3.38  and 
3.90  p.  m.  and  Br.\ndenburg  found  3  p.  m.  XaOII  (  =  3.98  p.  m.  XaXOg). 
The  alkaline  reaction  diminishes  outside  of  the  body,  and  indeed  the  more 
quickly,  the  greater  the  original  alkalinity  of  the  blood.  This  depends  on 
the  formation  of  acid  in  the  blood,  in  which  the  red  blood-corjmscles  seem 
to  take  part  in  some  way  or  another.  After  excessive  muscular  activity  the 
alkalinity  is  diminished   (Peiper,  Cohnsteix),  and  it  is  also  decreased 

*  Lloyd  Jones,  Joum.  of  Physiol.,  8;  Haramerschliig,  Wien.  klin.  Wochcnschrift, 
1890.  and  Zeitschr.  f.  klin.  Med.,  20. 

*  Zuntz,  Pfliiger's  Arch.,  66;   Levy,  Proceed.  Roy.  Soc,  81. 
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after  the  pontinuous  use  of  acids  (Lassar,  Frefdberg  ').  Niuneroua  m»^ 
tigations  have  been  nmde  in  regard  to  the  alkalinity  of  the  blood  in  disease, 
but  as  there  is  at  present  no  trustworthy  method  for  estimating  the  alkalinity 
of  the  blood,  these  investigations,  as  also  the  statements  in  regard  to  the 
physiolngieal  iilkaiinity,  require  further  su!:>stantiatiori.^  Attention  must 
also  be  called  to  what  was  state<l  (page  160)  in  regard  to  the  determination 
of  the  alkalinity  of  blood-senim— that  detenninations  are  made  only  of  the 
titratable  alkali  and  not  of  the  true  alkalmity  caused  by  hydroxyl  ions. 

The  alkali  of  the  blond  exists  in  part  as  alkaline  salts,  carbonate  and 
phosphate,  and  part  in  comliination  with  proteid  or  haemoglobin.     The  fitst 
are  often  spoken  of  as  readily  diffusible  alkalies,  while  the  others  are  not,  or 
are  only  difTusil>le  with  ditriculty  (see  page  157).     The  readily  as  well  as 
the  difficultly  iliffusible  alkali  is  divided  between  the  blood-eori}usclcs  and 
plasma,  and  the  blood-corpuscles  seem  to  be  richer  in  difficultly  diffusible 
alkali  than  the  plasma  or  serum.     This  divisitui  may  be  changed  by  the 
influence  of  even  ver>^  small  amounts  of  acid,  also  carbon  dioxide,  and  also, 
as  shown  by  Zt/XTZ.  Loewy  and  Zuntz,  Hamdubger,  Limbeck  and  GrRCER,' 
by  the  inSluence  of  the  resi>irat<ir)'  exchange  of  gas.     The  blood-corpuscles 
give  up  a  part  of  the  alkali  united  with  proteid  to  the  serum  by  the  action 
of  Carlson  dioxide^  hence  the  senim  becomes  more  allvaliiic.     The  a|ui- 
librium  of  the  osmotic  teasion  i  i  the  blood-corpnscles  and  in  the  senmi 
is  hereby  destroye<l;   the  blooil-corpuseles  swell  up  because  they  take  up 
water  from  the  senim  and  this  then  Ijecomes  more  concentrated  and  richer 
in  alkali,  proteid,  and  sugar.     Under  the  inftuence  of  oxv-gen  the  coq>uscle9 
take  their  orighial  form  again  and  the  above  changes  are  restored.     The 
blorKl-corpuscles  for  this  reason  are  less  biconcave  in  their  small  diameter  in 
venous  than  in  arterial  bkiod  (HAMBiXKfiER). 

The  color  of  the  blood  is  red — light  scarlets-red  in  the  arteries  and  dark 
blukh-red  in  the  veins.  Blood  free  from  oxygen  is  dichroitic,  dark  red 
by  reflected  hght,  and  green  by   transmitted  light.     The  l>lood-c€>loring 


*  Loei^y,  Pfliiger'ji*  Arch.,  58,  which  idao  contiiins  the  roferciiceg  to  the  literature; 
H.  BtraiiJis,  Zeitschr.  f,  kl'm,  !^Ied.,  30;  v.  Jaksch,  ilniLt  13;  Peipor,  Virchow's  Arch., 
Jl<»;  Cohnj^tem,  ihtd.,  130^  which  also  cites  the  works  of  Minkowski,  Ztmtz,  and  Gep* 
peit;  Freadherj;^  {hid,  125.  See  also  Weiss,  Zeit-sclir.  f.  physiol.  Chem,,  3.S;  Branden- 
burg, Zeitschr.  f  klin.  Med.,  45. 

*  In  recard  to  thcmfithixls  for  the  estimation  of  the  alkalinity  see,  besides  the  above- 
menliotied  authors,  v,  Jab^ch,  Klin.  Dia^j^nostik;  v.  LuulKH.^k,  Wit-n.  nied.  lllatter,  18; 
Wright,  The  Lancet,  1897;  Biernacki,  Beitriige  ziir  Pneuinatologie^  etc.,  ZeilMchr.  f, 
klin,  MrxK,  III  and  lV2i  Hamburger,  Fine  Methode  zur  Trcnnun^,  etc,,  Du  Bois-Rev- 
mond^s  Arch  ,  1898,     8f*e  also  Maly 's  Jahre<bpr.,  29,  ;:0,  and  M. 

*  Znntz  in  Hermann's  Handbuch  der  Phy^^iol  ,  I,  Ahth.  2;  Loewy  and  Zuntz* 
Pflii^or*8  Arek,  58;  Ilamlmrger,  Du  Boit5~Reymond*s  Arch.,  1804  and  1S9S,  and 
Zeiischr.  f.  Biologic,  2S  and  #{5;  v.  Limbeck,  Arch.  f.  ex  p.  Path  u.  Phami,,  So;  Gurber, 
BitxuTigsher,  d.  phys,  med.  r»csell}»ich,  ^u  Wurzhurg,  1895. 
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matters  occur  in  the  blood-corpuscles.  For  this  reason  blood  is  opaque  in 
thm  layers  and  acts  as  a  "  deck^farhe/ *  If  the  haemoglobin  is  removed 
from  the  stroma  and  dissolved  by  the  blood  liquid  by  any  of  the  above- 
mentioned  means  (see  page  162),  the  blood  becomes  transparent  and  acts 
then  like  a  "  lake  color  J*  Less  light  is  now  reflected  from  its  interior,  and 
this  laky  blood  is  therefore  darker  in  thicker  layers.  On  the  addition  of 
salt  solutions  to  the  blood-corpuscles  they  shrink  and  more  light  is  reflected 
and  the  color  appears  lighter.  A  great  abundance  of  red  corpuscles  makes 
the  blood  darker,  while  by  diluting  with  serum  or  by  a  greater  abundance 
of  white  corpuscles  the  blood  becomes  lighter  in  appearance.  The  different 
colors  of  arterial  and  of  venous  blood  depend  on  the  var>'ing  quantity  of 
gas  contained  in  these  two  varieties  of  blood,  or,  better,  on  the  different 
amounts  of  oxyhaemoglobin  and  haemoglobin  they  contain. 

The  most  striking  property  of  blood  consists  in  its  coagulating  within  a 
shorter  or  longer  time,  but  as  a  rule  vcrv'  shortly  after  leaving  the  vein. 
Different  kinds  of  blood  coagulate  with  var\dng  rapidity;  in  human  blood 
the  first  marked  sign  of  coagulation  i  5  seen  in  two  to  three  minutes,  and  within 
seven  to  eight  minutes  the  blood  is  thoroughly  converted  into  a  gelatinous 
mass.  If  the  blood  is  allowed  to  coagulate  slowly,  the  red  corpuscles  have 
time  to  settle  more  or  less  before  the  coagulation,  and  the  blood-clot  then 
shows  an  upper  yello\iTsh-gray  or  reddish-gray  layer  consisting  of  fibrin  en- 
closing chiefly  colorless  corpuscles.  This  layer  has  been  called  crusta  inflam- 
matoria  or  pfdogistica,  because  it  has  been  especially  observ^ed  in  inflam- 
mator>'  processes  and  is  considered  one  of  the  characteristics  of  them.  This 
crusta,  or  ^^  huffy  coaty'^  is  not  characteristic  of  any  special  disease  and  it 
occurs  chiefly  w^hen  the  blood  coagulates  slowly  or  when  the  blood-cc)rj)uscles 
settle  more  quickly  than  usual.  A  buffy  coat  is  often  observed  in  the  slow- 
coagulating  equine  blood.  The  blood  from  the  capillaries  is  not  supposed 
to  have  the  power  of  coagulating. 

Coagulation  is  retarded  by  cooling,  by  diminishing  the  oxygen  and 
increasing  the  amount  of  carbon  dioxide,  which  is  the  reason  that  venous 
bloofl  and  to  a  much  higher  degree  blood  after  asphyxiation  coagulates 
more  slowly  than  arterial  blood.  The  coagulation  may  be  retarded  or  pre- 
vented by  the  addition  of  acids,  alkalies,  or  ammonia,  even  in  small  quanti- 
ties; by  concentrated  solutions  of  neutral  alkali  salts  and  alkaline  earths, 
alkali  oxalates  and  fluorides;  also  by  egg-albumhi,  solutions  of  sugar  or 
gum.  glycerine,  or  much  water;  also  by  receiving  the  blood  in  oil.  Coagula- 
tion may  be  prevented  by  the  injection  of  a  proteose  solution  or  of  an 
infiLsion  of  the  leech  into  the  circulating  blood,  but  this  infusion  also  acts 
in  the  same  way  on  blood  just  drawn.  Coagulation  is  also  hindered 
by  snake  poison  and  toxins  (see  page  143).  The  coagulation  may  be 
facilitated  by  raising  the  temperature;  by  contact  with  foreign  bodies,  to 
which  the  blood  adheres;   by  stirring  or  beating  it;   by  admission  of  air; 
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by  diluting  with  very  small  amounts  of  water;  by  the  addition  of  platinum- 
black  or  finely  powdered  carbon;  by  the  addition  of  laky  blood,  which  does 
not  act  by  the  presence  of  tiissolved  blood-coloring  matters,  but  by  the 
Btromat-a  of  the  blood-corpuscles,  and  also  by  the  addition  of  the  leuco- 
cytes from  the  lymphatic  glands,  or  a  water}^  saline  extract  of  the  lym- 
phatic glandi^,  testicles^  or  thymus  and  various  other  organs  (Delezenne, 
Wright,  Akthuh  ^  and  others). 

An  important  question  to  answer  is  why  the  blood  remains  fluid  in  the 
circulation,  while  it  quickly  coagulates  when  it  leaves  the  circulation.  The 
reason  why  blood  coagulates  on  leaving  the  body  is  therefore  to  be  sought 
for  iu  the  mfluence  which  the  walls  of  the  living  and  uninjured  blood-vesseb 
exert  upon  it.  These  views  are  rieri\'ed  from  tlie  observatioas  of  many 
investigaifjrs.  From  the  observations  of  Hewson,  Lister,  and  Fredericq 
it  is  known  that  when  a  vein  full  of  blot>d  Is  ligatured  at  the  two  ends  and 
removed  from  the  body,  the  bhtod  may  remain  fluid  ft>r  a  long  time. 
Brucke  ^  allowed  the  heart  removed  from  a  tortoLse  to  bent  at  0**C.,  and 
found  that  the  l>lood  remained  uncoagulated  for  some  days.  The  blood 
from  another  hea,rt  quickly  coagulated  when  collected  over  mercury.  In  a 
dead  heart,  as  also  in  a  dead  blood-vessel,  the  blood  soon  coagulates,  and 
also  when  the  walls  of  tlie  vessel  are  changeti  ljy  pathological  processes. 

What  then  Ls  the  influence  which  the  walls  tif  the  vessels  exert  on  the 
liquidity  of  the  circulating  blood?  Freund  has  found  that  the  blood 
remains  fluid  when  collected  Ijy  means  of  a  greased  canula  imder  oil  or  in  a 
vessel  snieareil  with  vaseline.  If  the  blood  cnllecte<l  m  a  greased  vessel  be 
beaten  with  a  glass  rotl  previously  oiled,  it  does  not  coagulate,  but  it  quickly 
coagulates  on  beating  it  with  an  imoile<l  glass  rf)d  or  when  it  is  poured 
into  a  vessel  not  greased.  The  non-coagulability  of  blood  collected  under 
oil  has  been  confirmeil  later  by  Haycraft  and  Carlier.  Freund  found 
on  further  investigation  that  the  e^'aporntion  of  the  upper  layers  of  l>lood 
or  their  contaminatifin  with  small  (juantities  of  dust  causes  a  coagulation 
even  in  a  vessel  treated  with  vasehne.  Acconling  to  FREtrNn/  it  is  this 
adhesion  between  the  blood  or,  as  tlie  blood  show^  an  adhesion  to  the 
normal  ves.sel  walls  (Ben(3  Levy),  between  its  form  elements  and  a  foreign 
sul>stance — and  the  diseaseil  walls  of  the  vessel  also  act  as  such — that  gives 
the  impulse  towards  coagulation,  wliile  the  lack  of  adhesion  prevents  the 
blood  fro:n  coagidating.     This  adhe-iion  of  t!ie  form -elements  of  the  blood 


*  Delezcruie,  Arch,  de  Physiol.  (5),  8;  Wright,  Joum.  of  Physiol  i  28;  Arthus- 
Joum.  de  Phy^iot  et  Pjilhol.,  i. 

'Ilewaou^s  works,  edited  by  Gulliver,  Ijondon,  1876.  Citod  from  Gamgee,  Text, 
book  of  Physiol.  Chem.,  1,  1S80,  Luat'^r,  cited  from  Gamgee,  ibid.:  Fredericq,  **Re- 
cherchcs  sur  la  conKlitutioti  du  plasma  sanguin,"  Gand,  1S7S;  Briicke,  Virehow'a 
Arch.,  12. 

*  Freund,  Wien.  med.  Jahrh.,  1886;  Haycraft  and  Cadier,  Joum,  of  Anat,  and 
Physiol.  22;   Bono  Levy,  Arch.  f.  (.\jiat  u.)  Physiol,  1899.     Supplbd. 
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» 
to  certain  foreign  substances  seems  to  induce  changes  which  apparently 
stand  in  a  certain  relationship  to  the  coagulation  of  the  blood. 

The  views  in  r^ard  to  these  changes  are,  unfortunately,  very  contra- 
dictory. According  to  Alex.  Schmidt  *  and  the  Dorpat  school  aa 
abundant  destruction  of  the  leucocytes  takes  place  in  coagulation  and 
important  constituents  for  the  coagulation  of  the  fibrin  pass  into  the  plasma. 
According  to  other  experimenters  the  essential  is  not  a  destruction  of  the 
leucocytes,  but  an  elimination  of  constituents  from  the  cellc  into  the  plasma. 
This  process  is  called  plasmoschisis  by  Lowit.'  The  question  whether  the 
cell-body  (Giesbach)  or  the  nucleus  (Lilienfeld  ')  takes  part  in  this 
process  remains  for  the  present  undecided,  but  it  seems  positively  proven 
that  the  leucocytes  have  a  certain  relationship  to  the  coagulation.  Great 
importance  has  been  ascribed  to  the  blood  platelets  in  coagulation,  as  certain 
investigators  (Bizzozero,  Lilienfeld,  Schwalbe)  have  found  that  they 
cause  or  accelerate  coagulation,  while  others  (Petrone)  on  the  contrary 
find  a  retarding  action.* 

WooLDRiDGE*  takes  a  very  peculiar  position  in  regard  to  this  question: 
he  considers  the  form-elements  as  only  of  secondary  importance  in  coagulation. 
As  found  by  him,  a  peptone-plasma  which  has  been  freed  from  all  form-con- 
stituents by  means  of  centrifugal  force  yields  abundant  fibrin  when  it  is  not 
separated  from  a  substance  which  precipitates  on  cooling.  This  substance^ 
which  WooLDRiDGE  has  called  A-fibrinogen,  seems  to  all  appearances  to  be  a 
nucleoproteid,  which,  according  to  the  unanimous  view  of  several  investigators, 
originates  from  the  form-elements  of  the  blood,  either  the  blood-plates  or  the 
leucocytes,  and  the  generally  accepted  view  as  to  the  great  importance  of  the 
form-elements  in  the  coagulation  of  the  blood  is  not  really  contrary  to  Wool- 
dridge's  experiments. 

The  views  are  greatly  divided  in  regard  to  those  bodies  which  are  elim- 
inated from  the  form-elements  of  the  blood  before  and  during  coagulation. 

According  to  Alex.  Schmidt  the  leucocytes,  like  all  cells,  contain  two 
chief  groups  of  constituents,  one  of  which  accelerates  coagulation,  while  the 
other  retards  or  hinders  it.  The  first  may  be  extracted  from  the  cells  by 
alcohol,  while  the  other  cannot  be  extracted.     Blood-plasma  contains  only 

'  Pfliiger's  Arch.,  11.  The  work3  of  Alex.  Schmidt  are  found  in  Arch.  f.  Anat. 
und  Physiol.,  1861,  1862;  Pfluger's  Arch.,  6,  9,  11,  13.  See  especially  Alex.  Schmidt, 
Zur  Blutlehre  (Leipzig,  1892),  which  also  gives  the  work  of  his  pupils,  and  Weitcro 
Beitnige  zur  Blutlehre,  1895. 

'  Wien.  Sitzungsber.,  89  and  90,  and  Prager  med.  Wochenschr.,  1889.  Referred 
to  in  Ccntralbl.  f.  d.  med.  Wissensch.,  28,  265. 

*  Giesbach,  Pfliiger's  Arch.,  50,  and  Centralbl.  f.  d.  med.  Wissensch.,  1892;  Lilien- 
feld, Ueber  Leukocyten  und  Blutgerinnung,  Verhandl.  d.  physiol.  Gesellsch.  zii  Berlin, 
No.  11,  1892;  Ueber  den  fliissigen  Zustand  dcs  Blutes,  etc.,  ibid.,  No.  10,  1892;  and 
Weitere  Beitrage  zur  Kenntnisse  der  Blutgerinnung,  ibid.f  July,  1883.  Zeitschr.  f. 
physiol.  Chem.,  20. 

*See  Maly's  Jahresber.,  31,  170;  Schwalbe,  Unters.  zu  Blutgerinnung,  etc.» 
Braunschweig,  1900. 

•Die  Gerinnung  des  Blutes  (published  by  M.  v.  Frey,  Leipzig,  1891). 
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traces  of  thrombin,  according  to  Schmidt,  but  does  conta.in  its  antecedent, 
prothrombin.  The  bodies  which  accelerate  coa^lation  are  neither  thrombin 
nor  prothrombin,  but  they  act  in  this  wise  in  that  they  split  off  thrombin 
from  the  prothrombin.  On  this  account  they  are  calletl  zyinoplastic  sub- 
siances  by  Alkx.  Schmidt.  The  nature  of  these  bodies  is  unknown,  and 
Schmidt  has  given  no  notice  of  their  behavior  with  the  hmesalLs,  W'hieh  have 
bc?en  found  to  have  zynioplastie  activity  by  other  investigators. 

I'he  cont^titiients  of  the  cells  which  hinder  coagulation  and  which  are 
insohiljle  in  altohol-ether  are  compound  proteids  and  liave  been  called 
cijlofjlobin  and  prrgiofjulin  by  Schjihdt.  The  retarding  action  of  these 
bodies  may  be  suppressed  by  the  addition  of  zymoplastic  substances,  and 
the  yield  of  fibrin  on  cuagulation  in  this  case  is  much  greater  than  in  the 
al>sence  of  the  compound  proteid  retarding  coagulation-  This  last  supplies 
the  material  from  which  the  fibryi  is  produced.  The  process  is,  according 
to  Schmidt,  as  folic nvs:  The  preglobulin  first  splits,  yielding  serglobulin, 
then  from  this  the  fibrinogen  is  tlerived  and  from  this  latter  the  fibrin  is 
produced.  The  object  of  the  thrombin  Is  twt>fold.  The  thrombin  first  splits 
the  fibrinogen  from  the  paragluljulin  and  then  converts  the  fibrinogen 
intfj  fibrin.  The  assumption  that  fibrinogen  can  be  split  from  para  globulin 
has  not  sufhcient  fcnuidation  and  is  even  ijuprobable. 

Ac<*fjrding  to  Schmidt  the  retarding  action  of  the  cells  is  prominent 
<luring  life,  while  the  accelerating  action  is  especially  pronounced  outside 
of  the  body  or  by  coming  in  contact  with  foreign  botlies.  The  parenchy- 
mous  masses  of  the  organs  and  tissues,  through  which  the  blood  flows  in 
the  ca]>illaries,  are  those  cell-masses  which  serve  to  keep  the  blood  fluid 
during  life, 

l^iLTENFELD  has  given  further  proof  as  to  the  occurrence  in  1he  fonn- 
elements  of  the  blood  of  bodies  which  accelerate  or  retard  the  coagulation. 
According  to  this  author  tlie  nature  of  these  bfxlies  is  very  markedly  tliffer- 
ent  from  Schmtdt's  idea.  Wliile»  according  to  Schmidt,  the  coagolatinn- 
accelerators  are  bodies  soluble  in  alcohol,  and  the  compound  proteids  ex- 
hausted with  alcohol  only  act  retardiugly  on  coagulation.  Lilienfelp  states 
that  the  substance  which  acts  acceleratingly  and  retardiugly  on  coagulation 
consists  of  a  nucleoproteid,  namely,  nuckx)ldston,  Nueleohiston  readily 
splits  into  leuconuclein  and  histon^  the  first  of  which  acts  as  a  coagulation- 
excitant,  while  the  other,  introduced  into  the  blood -vascular  system,  either 
intravfiscular  or  extravascular,  robs  the  blood  of  Us  propei'ty  of  coagulating. 
Introduced  into  the  circulatory  system  the  nucleohiston  splits  into  its  two 
components.  It  therefore  causes  exteiL^iive  coagulation  on  one  side  and 
makes  the  ren\ainder  {)f  the  blood  uncoagulable  on  the  other*  This  theory^ 
as  well  as  that  of  Schmidt  is  not  biised  upon  sufficiently  positive  facts. 

Bhucke  sho%ved  long  ago  that  fibrin  left  an  ash  containing  calcium 
phosphate.    The  fact  that  calcium  salts  may    facilitate  or  even  cause  a 
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coagulation  in  liquids  poor  in  ferment  has  been  known  for  several  years 
through  the  researches  of  Hammarsten,  Green,  Ringer,  and  Sainsbury. 
The  necessity  of  the  lime  salts  for  the  coagulation  of  blood  and  plasma  was 
first  shown  positively  by  the  important  investigations  of  Arthus  and 
PAcfes.  Recent  investigations  of  Sabbatant  *  have  also  shown  the  impor- 
tance of  calcium  salts  or  the  free  calcium  ions  for  coagulation  without 
explaining  the  mode  of  their  action. 

According  to  the  generally  accepted  view  of  Arthus  and  Pages  the  soluble 
lime  salts  precipitable  by  oxalate  are  necessary  requisites  for  the  fermentive 
transformation  of  fibrinogen  because  thrombin  remains  inactive  in  the  absence 
of  soluble  lime  salts.  This  view  is  untenable,  as  sho^Ti  by  the  researches  of 
Alex.  Schmidt,  Pekelharing,  and  Hammarsten.'  Thrombin  acts  as  well  in 
the  absence  as  in  the  presence  of  precnpitable  lime  salts. 

LiUENFELDS  t  cofv  that  the  l.-uconuclein  splits  ff  a  protein  substance, 
Ihrombosin,  from  the  fibrinogen,  pnd  this  thrombosin  forms  an  insoluble  combina- 
tion with  the  lime  present,  producing  thrombosin  lime  (fibrin),  which  8e|>arates,  is 
incorrect  according  to  Hammarsten,  SchXfer,  and  Cramer.'  Lilienfeld's 
thrombosin  is  nothing  but  fib.inogen  which  is  precipitated  by  a  lime  salt  from  a 
salt-poor  or  sa.t-free  solution. 

According  to  Pekelharing  *  thrombin  is  the  lime  combination  of  pro- 
thrombin, and  the  process  of  coagulation  consists,  according  to  him,  in 
the  thrombin  transferruig  the  lime  to  the  fibrinogen,  which  is  hereby  con- 
vertetl  into  an  insoluble  lime  combination,  fibrin.  Among  the  objections 
to  this  theory  can  be  mentioned,  among  others,  the  fact  that  fibrin  has  been 
obtained  not  absolutely  free  from  lime,  but  still  so  poor  in  lime  (Hammar- 
sten ^)  that  if  the  lime  belongs  to  the  fibrin  molecule  it  must  be  more 
tlian  ten  times  greater  than  the  haemoglobin  molecule,  which  is  not  prob- 
able. These  as  well  as  many  other  observations  decide  that  the  lime  is 
carried  down  by  the  fibrinogen  only  as  a  contamination. 

If,  as  it  seems,  the  lime  is  not  of  importance  in  the  transformation  of 
fibrinogen  into  fibrin  in  the  presence  of  thrombin,  still  this  does  not  con- 
tradict the  above-mentioned  observations  of  Arthus  and  Pages  that  th(^ 
lime  salts  are  neccssar}^  for  the  coagulation  of  blood  and  plasma.  It  is  verj' 
probable  that  the  lime  salts,  as  admitted  by  Pekelharing,  are  a  necessarj 
re<^iuisite  for  the  transformation  of  prothrombin  into  thrombin. 

*  Hammarsten,  Nova  Acta  reg.  See.  Scient.  Upsal  (3),  10,  1879;  Green,  Journ.  o/ 
Physiol.,  8;  Ringer  and  Sainsbur>',  ibid.^  11  and  12;  Arthus  et  Pagt^s  and  Arthus, 
see  foot-note  4,  page  143;  Hammarsten,  Zeitschr.  f.  physiol.  Chem.,  22;  Sabbatani, 
cited,  Centralbl.  f.  Physiol,  16,  GG5. 

*  Hammarsten,  Zeitschr.  f.  physiol.  Chem.,  22,  where  the  other  investigators  are 
cited. 

*  Hammarsten,  1.  c;  Schiifer,  Journ.  of  Physiol.,  17;  Cramer,  Zeitschr.  f.  physiol. 
Chem.,  23. 

*See  foot-note  5,  page  146,  and  especially  Virchow's  Festschrift,  1,  1891. 
•Zeitschr.  f.  physiol.  Chem.,  28. 


It  is  a  question  whetlnsr  the  protlirombin  exists  in  the  plasma  of  the 
circulating^  blood  or  whether  it  is  a  Ijody  eliniinatred  from  the  form -elements 
before  eoagulalion.  Alex,  Schmidt  claims  that  the  circulating  plasma  con- 
tains prothrombin,  but  Pekelharixg  dLsclaims  this.  Blood-plasma  ob- 
tained by  means  of  leech  infusion  does  not  coagulate  on  the  arldition  of 
lime  salts,  but  docs  on  the  addition  of  a  protlirouiliiri  i?^:tlution-  The  fomi- 
elements,  especially  the  blood-plates,  are  particularly  well  preser\'etl  in 
such  j>lasma;  and  according  to  Pekelharing  it  is  probable  that  the  cir- 
cidatuig  plasma  does  not  contain  any  mcrdionable  amounts  of  prothrombin, 
and  that  this  body  emerges  from  the  form-elements,  jHThaps  the  blood- 
plates,  before  coagulation.  The  difference  between  the  views  of  Schmidt 
and  pEKELiiArnxG  on  this  point  is  as  follows:  According  to  Schmidt  it  is 
the  zjmioplastic  substances  which  pass  from  the  form-elements  into  the 
plasma  and  transform  the  prothroriibin  exi?=:ting  preformed  therein.  Pekel- 
HAKING  claims  that  it  is  the  prothrombin  which  passes  from  the  form- 
elements  into  the  plasma  and  is  convertetl  into  thrombin  by  the  lime  salts 
of  the  plasma.  The  fact  that  sodium- fluoride  plasma  contains  no  pro- 
thrombin shows  that  the  plasma  of  circulating  blood  does  not  contain  any 
prothrombiu  (Akthos). 

As  Alex.  Schmidt  has  shown  that  blood-serum  whose  power  of  excit- 
ing eoagvdation  hiis  been  coasiderably  reduced  by  standing  in  the  air,  can 
be  activated  again  by  alkali,  Morawitz  ^  found  that  such  a  reactivation 
can  be  brought  about  by  acids  and  by  alcohol  and  that  the  thrombin  fonned 
in  this  reactivation  is  /^-thrombin,  which  is  different  from  the  a-thrombin 
of  blood-scmm.  These  two  thrombins  correspond  to  two  prothrombins. 
The  a-prt5 thrombin  which  occurs  in  oxalate  plasma  is  changed  into 
a-thrombin  by  lime  salts.  The  a!*prothrnnibLu  does  not  exist  either  in  fresh 
or  in  old  serum;  it  occurs  as  abo\^e  stated  in  the  oxalate  plasma,  but  not  in 
the  fluoride  plasma.  Blood-senun  always  contains  traces  of  one  pro- 
thrombin, the  /3'prothroml)in,  wliieh  does  not  occur  in  the  plasma,  but  is 
first  produced  in  coagulation  from  an  unknown  substance  by  the  action 
of  the  lime  salts. 

As  the  ^5- thrombin  is  not  formed  in  the  coagulation,  according  to  Mor.\- 
wiTZ,  and  as  it  does  not  occur  either  in  the  plasma  or  in  the  semm,  it  is 
evident  that  it  has  notliing  to  do  with  the  ordinary  coagulation  of  the 
blood  and  hence  can  be  igutjred.  Accortling  to  the  later  communication 
of  MoRJ\w^TZ  ^  the  fibrin  ferment  active  in  the  coagvdation  of  the  blood  is 
produced  by  the  combined  action  (if  at  least  three  substances:  (a)  the 
thrombogen  (pro thro ml>in  in  the  r>rdinary  sense),  (b)  the  throwbokintise 
(zymoplastic  substance),  and  (c)  the  lime  salts.  The  circulating  plasma 
contains  either  thrLtmbogen  or  thmmbokinase,  and  the  last-mentioned  body 

*  Hofmeiator 's  J'eilmge,  4. 

» Deutsch,  Arcii.  f.  klin,  Med.,  79. 
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is  secreted  in  the  plasma  by  the  form-elements  of  the  blood.  The  throm- 
bogen  originates^  according  to  Morawitz,  from  the  blood-plates.  The 
production  of  the  zymoplastic  substance  or  thrombokinase  is  a  general 
property  of  protoplasm  and  hence  of  the  leucocytes.  This  investigator 
has  also  found  that  a  body  can  be  obtained  from  oxalate  and  fluoride 
plasma  which  has  a  retarding  influence  upon  the  action  of  thrombin  depend- 
ing upon  its  quantity,  hence  it  has  been  called  antithrombin. 

Independent  of  Morawitz,  Fuld  *  has  arrived  in  the  main  at  similar 
resuiti?,  although  from  the  short  communication  there  seems  to  be  some 
contradiction.     He  admits  the  necessity  of  three  things  for  the  produc- 
tion of  fibrin  ferment,  namely,  lime  salts,  proferment,  and  zymoplastic 
substance,  which  latter  originates  from  the  various  form-elements.    The 
three  bodies,  proferment,  zymoplastic  substance,  and  the  complete,  active 
ferment,  he  calls  plasmozym,  cytozym,  and  holozym  respectively.     Contrary 
to  Morawitz 's  view  that  the  fluoride  plasma  is  free  from  a-prothrombin, 
Fuld  claims  that  it  contains  plasmozyra.    The  same  is  true  for  the  natural 
blood-plasma.     The  reason  why  the  living  blood  remains  fluid  is,  according 
to  Fuld,  chiefly  due  to  the  fact  that  the  cytozym  is  always  formed  only 
slowly  and  that  the  ferment  produced  is  quickly  converted  into  an  inactive 
form,  and  also  because  the  blood  contains  an  anti-body  for  the  thrombin. 
The  production  of  thrombin  and  /^-prothrombin  (the  latter  called  metazym 
by  him)  Fuld  explains  in  another  manner.     By  the  combined  action  of 
the    three    bodies,    plasmozym,  cytozym,    and    lime   salts,    the    holozym 
(  =  a-thrombin)  is  produced.     This  latter  may  be  converted  into  metazym 
(^-prothrombin),  from  which  the  neozym  (=/9-thrombin)  is  then  formed 
by  the  action  of  alkalies  or  acids. 

In  regard  to  the  much-contradicted  r61e  of  the  form-elements  of  the 
blood  in  coagulation  we  have  the  recent  investigations,  especially  of  Arthus 
and  of  Dastre.'  According  to  Arthus  the  fibrin  ferment  is  not  a  product 
of  the  death  of  the  cells,  but  a  secretion  product.  This  secretion  Ls  pre- 
vented by  sodium  fluoride,  hence  fluoride  plasma  contains  neither  thrombin 
nor  prothrombin.  This  secretory  activity  of  the  cells  is  increased  on 
contact  with  solids  or  by  the  action  of  tissue  fluids.  Dastre,^  who  with 
hLs  pupils  opposes  the  view  as  to  a  destruction  of  leucocytes  in  coagulation, 
considers  also  that  the  ferment  is  not  a  product  of  the  death  of  the  cell, 
but  is  a  constituent  expelled  from  the  living  cell  under  the  influence  of 
osmotic  conditions. 

From  the  above  discussion  it  Ls  evident  that  there  is  at  the  present  no  gen- 
erally accepted  theory  based  upon  positive  observations,  of  the  cxtravas- 
cular  coagulation  of  blood. 

»Centralbl.  f.  Physiol,  17,  529. 
'Compt.  rend,  de  la  soc.  biolog.,  55. 
» Ihid. 
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Intravascular  coagtdalion.  It  has  been  shown  by  Alex.  Schmidt  and 
his  students,  as  also  by  Wooldridge,  Wright/  and  others,  that  an  intrar 
vascular  coagulation  may  be  brought  about  by  the  intravenous  injection 
into  the  circulating  blood  of  a  large  quantity  of  a  thromLin  solution,  as 
also  by  the  injection  of  leucocytes  or  tissue  fibrinogen  (impure  nucleopro- 
teicl).  Intravascular  coagulation  may  be  brought  about  also  under  other 
conditions,  such  as  after  the  injection  of  snake-poison  (Martin  ^  and  othen?) 
or  certain  of  the  proteid-like  colloid  substances,  synthetically  prepared 
according  to  Grimaux's  method  (Halliburton  and  Pickering  *).  If  t(K) 
little  of  the  above-mentioned  bodies  be  injected,  then  we  observe  only  a 
marked  retarding  tendency  in  the  coagulation  of  the  blood.  According  to 
Wooldridge  it  can  generally  be  maintained  that  after  a  short  stage  of 
accelerated  coagulability,  which  may  lead  to  a  total  or  partial  intravascular 
coagulation,  a  second  stage  of  a  diminished  or  even  arrested  coagulability 
of  the  blood  follows.  The  first  stage  is  designate*!  (Wooldridge)  as  the 
positive  and  the  other  as  the  negative  phase  of  coagulation.  These  state- 
ments have  been  confirmed  by  several  investigators. 

There  is  no  doubt  that  the  pasitive  phase  is  brought  about  by  an  abun- 
dant intnxluction  of  thrombin,  or  by  a  rapid  and  abundant  formation  of 
the  same.  According  to  Alex.  Schmidt,  the  zymoplastic  substances 
soluble  in  alcohol  are  active  in  these  processes,  while  according  to  the 
investigations  of  Lilienfeld  this  action  is  caused  more  likely  by  the  leuco- 
nucleins  split  off  from  the  nucleohiston.  According  to  Wooldridge,  his 
tissue  fibrinogen  does  not  produce  any  intravascular  coagulation  if  it  is  freed 
from  contaminating  bodies  by  means  of  alcohol.  This  corresponds  to  the 
statements  of  Alex.  Schmidt. 

The  explanation  of  the  production  of  the  negative  phase,  which  can 
easily  be  produced  by  proteoses,  by  various  bodies,  such  as  extracts  of 
organs,  eel-serum,  enzymes,  bacterial  toxins,  snake-poisons,  etc.,  has  been 
attempteil  in  different  ways.  Lilienfeld  seeks  the  reason  in  a  cleavage  of 
histon,  which  has  a  retarding  action,  from  the  nucleohiston.  The  retard- 
ing action  of  histon  has  been  shown,  but  not  its  cleava,*re  from  nucleohiston 
in  this  process.  According  to  Wright  and  Pekelh.\ring,  the  retarding 
substances  are  proteoses,  which  are  formed  in  the  decomposition  of  the 
injected  nucleoproteids.  In  opposition  to  this  view  there  is  the  fact  that 
other  investigators,  as  Halliburton  and  Brodie,*  have  been  unable  to 

*  A  Study  of  the  Intravascular  Coagulation,  etc.,  Proceed,  of  the  Roy.  Irish  Acad. 
(3),  2.  See  also  Wright,  Lecture  on  Tissue  or  Cell  Fibrinogen,  The  Lancot,  1S92; 
and  Wooldridge 's  Method  of  Producing  Immunity,  etc.,  Brit.  Med.  Journal,  Sept.,  1891. 

'  Joum.  of  Physiol.,  15. 

*  Ibid.,  IS, 

*  Wright,  1.  c;  Lilienfeld,  L  c;  Pekelharing,  1.  c;  Halliburton  and  Brodie.  Joum, 
of  Physiol. ,  17. 
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detect  any  proteose  in  the  blood  or  urine  under  these  conditions.  The 
retarding  action  of  the  poisonous  substance  of  snake-blood,  which  is  not  a 
nucleoproteid,  as  well  as  the  action  of  proteoses,  speak  against  the  as- 
sumption as  to  a  retarding  decomposition  product  of  the  injected  nucleo- 
proteid. 

According  to  the  observations  of  Fang  and  Schmidt-Mulheim,*  which 
have  been  substantiated  and  enlarged  upon  by  other  observTrs,  the  blood 
of  an  animal  loses  its  power  of  coagulation  after  an  injection  of  a  suffi- 
ciently large  quantity  of  proteose  and  after  a  time  regains  its  power  ol 
coa^ation.     A  new  injection. of  proteose  is  now  inactive,  if  too  long  a 
time  does  not  intervene  between  the  two  injections,  and  the  animal  is  now 
immune  against  proteoses.    This  action  does  not  depend,  as  Pick  and  Spiro 
have  shown,  upon  the  proteose  itself,  but  upon  a  contaminating  substance, 
the  peptozjjm.     Peptozym-frec   proteose  having  no  action  upon  coagula- 
tion can  be  obtained  from  certain  proteids,  while  peptozym  can  be  obtained  - 
hee  from  proteoses   and   peptones   from   several   organs.      Coagulation- 
retarding  substances  may  also,  as  Conradi  *  found,  be  produced  in  the 
autolysis  of    organs;     but  they  are  different  from  the  peptoz^'m,  which 
differs  from  the  first  by  being  inactive  on  the  blood  in  iniro  and  only  having 
a  retarding  action  upon  coagulation  when  introduced  into  the  blood  circu- 
lation . 

We  have  a  large  number  of  researches  on  the  action  of  proteoses  and 
of  other  retarding  substances  by  different  investigators,  such  as  Grosjean, 

LeDOUX,    CoNTEJEAX,    DaSTRE,    FlORESCO,   AtHANASIU,     CaRVALLO,     (iLEY, 

Pachox,  Nolf,  Spiro  and  Ellinger,  and  others,  but  those  of  Delezknne  ^ 
are  of  the  greatest  importance.  It  seems  probable  from  these  investi- 
gations that  the  leucocytes  and  the  liver  are  of  great  importance  in 
these  processes.  The  view  which  coincides  best  with  the  facts  seems  to 
be  Delezenne  's.  According  to  him  the  facts  can  l)e  simplest  explained 
by  the  questionable  body  producing  a  destruction  of  the  leucocytes  and 
that  here  a  substance  accelerating  coagulaticm  and  another  having  a  retard- 
ing action  are  set  free.  The  first  is  destroyed  by  the  liver  and  hence  the 
action  of  the  retarding  substances  is  obtained. 


*  Fano,  Arch.  f.  (Anat.  u.)  Physiol,  1881;  Schmidt-Miilheim,  ibid.,  1880. 

'  Pick  and  Spiro,  Zeitschr.  f.  physiol.  Chem.,  31;  Conradi,  Hofmeister's  Beitnlge,  1. 
See  also  Underbill,  Amer.  Joum.  of  Physiol.,  9. 

*  Grosjean,  Travaux  du  laboratoire  de  L.  Fredericq,  4,  Lidge,  1892;  Ledoux,  ibid., 
5.  189G;  Noll,  Bull.  I'Acad.  roy.  de  Belgique,  1902;  Spiro  and  EUinger,  Zeitschr.  f. 
physiol.  Chem.,  23.  The  works  of  the  above-mentioned  French  investigators  can  be 
found  in  Compt.  rend.  soc.  bioL,  46,  47,  48,  50,  and  51,  and  Arch.  d.  Physiol.  (5),  7, 
8,  9,  and  10;  see  also  especially  Delezenne,  Arch.  d.  Physiol.  (5),  10;  Compt.  rend. 
80C.  bioL,  51,  and  Compt.  rend.,  130. 
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111  regard  to  the  coagulation  of  the  blood  of  invertebrates  we  refer  to 
the  recent  investigations  of  Ducceschi  and  of  Loeb.' 

The  gases  of  ike  blood  will  be  treated  in  Chajiter  X\1I  (on  respira- 
tion). 

XV.    The  QiiautitatiYe  ComfiOi^itloii  of  Oie  Blood. 

The  qnantitative  analyses  of  blood  are  of  little  value.  We  must  ascer- 
tain on  one  side  the  relationship  of  the  plasma  and  blood-eorpnseles  to  each 
other,  and  on  the  other  side  the  constitution  of  each  of  these  two  chief 
constituents.  The  difficulties  which  stand  in  the  way  of  such  a  task, 
especially  in  regard  to  the  hving,  non-coagulated  blood,  have  not  been 
removed.  Since  the  constitution  of  the  blood  may  differ  not  only  in  differ- 
ent vascular  regions,  but  also  in  the  same  region  under  different  circum- 
stances, which  renders  also  a  number  of  blood  analyses  nccessan^  it  can 
hardly  appear  remarkable  that  our  knowledge  of  the  constitution  of  the 
blood  is  still  relatively  limited . 

The  relative  volume  of  blood -corpuscles  and  sernm  in  defiljrinatefl  blood 
may  be  determined,  accordijig  to  L.  and  M.  Blkibtrei^^  by  various 
methods  if  the  defibrinated  Idood  is  mixed  with  tlifferent  proportions  of 
Isn tonne  NaCl  solution  (1  \'o!.  of  the  blood  to  at  least  1  vfd.  salt  solution), 
the  !ilo<xl-€orpnscles  allowed  to  settle  to  the  bottom  or  facihtated  by  cen- 
trifugal force,  and  the  clear  supernatant  mixture  of  serum  and  common- 
salt  solution  siphoned  off.    The  methods  are  as  follows : 

1.  Detenniire  the  quantity  of  nitrogea  in  at  least  two  different  portions  of 
the  mixture  of  serum  tiiid  salt  solutitm  by  means  of  Kjeldaul^s  method  and 
cal<'ulate  the  quautity  of  proteid  eorresi>ouding  thereto  by  multiplying  with 
6.25,  and  the  relative  volume  of  blofKl  j,  and  alsi>  the  volume  of  the  structural 
elements  (l-x),  are  found  by  the  following  equation: 


In  tliia  equation  (for  mixtures  1  and  2)  b^  or  b^  represents  the  volume  of  blood 
in  the  mixture,  5,  or  s,  the  volume  of  salt  solution,  and  Cj  or  ej  the  quantity 
I>rotcid  in  a  certain  volume  of  each  mixture* 

2.  Determine  the  speeifif'  gravity  of  the  blood-^erum,  of  the  salt  sohitions,  and  of 
at  Iciist  one  of  the  mixtures  of  serurn  twd  8iilt  ?^c>kition  by  means  of  a  pyknometer. 
The  relative  volume  of  serum  x  is  found  in  this  by  the  following  equation: 

i.    '^~^ 

In  this  equation  s  and  5  represent  the  %'ohime9  of  salt  solution  and  blood  mixed. 
*S'    retirements   the  speeiJic  gravity  of    the   serum    and  nttlt  solution  obtained 
allowing  the  blood-eorpuselea  to  settle^  Sq  the  specific  gravity  of  the  serum,  and 
K  that  of  the  salt  solution. 

For  horse 's  blood  two  other  shorter  methods  may  be  made  use  of  (see  the 
-origiuid  article). 


lod     1 


-1 

on     I 


*  Dviccescbi,  Hofmeister's  Beitrage,  3j  Loeb,  Biological  Bulletin,  4,  1903. 

*  Pfluger's  Arch,  &1,  S5.  and  60, 
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Important  objections  have  been  presented  by  several  investigators,  such 
as  Eykman,  Biernacki,  and  Hedin/  against  the  above  methods,  whose 
value,  therefore,  is  questionable.  The  same  is  also  true  for  another  method, 
suggested  by  St.  Bugarsky  and  Tangl  and  partly  corrected  by  Stewart 
in  regard  to  the  calculations,  which  is  based  upon  a  difference  in  electric 
conductivity  for  the  blood  and  the  plasma.  Stewart  '  has  also  worked 
out  a  colorimetric  method  for  the  estimation  of  the  volume  of  the  blood- 
corpuscles  and  the  plasma,  which  seems  to  be  worth  applying. 

For  clinical  purposes  the  relative  volume  of  corpuscles  in  the  blood  may 

be  determined  by  the  use  of  a  small  centrifuge  called  Jiodniatocrit,  constructs!  ' 

by  Bux  and  described  and  tested  by  Hedin.     A  measured  quantity  of 

blood  is  mixed  with  a  known  volume  (best  an  equal  volume)  of  a  fluid 

which  prevents  coagulation.    This  mixture  is  introduced  into  a  tube  and 

then  centrifuged.     According  to  Hedin  it  is  best  to  treat  the  blood,  which 

is  kept  fluid  by  1  p.  m.  oxalate,  with  an  equal  volume  of  a  9  p.  m.  NaCl 

solution.     After  complete  centrifugalization  the  layer  of  blood-corpuscles  is 

read  off  on  the  graduated  tube  and  the  volume  of  blood-corpuscles  (or  more 

correctly  the  layer  of  blood-corpuscles)  calculated  in  100  vols,  of  the  blood 

therefrom.     By  means  of  comparative  counts  Hedin  and  Daland  have 

found  that  an  approximately  constant  relation  exists  between  the  volume 

of  the  layer  of  blood-corpuscles  and  the  number  of  red  corpuscles  under 

physiological  conditions,  so  that  the  number  of  corpuscles  may  be  calculated 

from  the  volume.     Daland  '  has  shown  that  such  a  calculation  gives 

approximate  results  also  in  disease  when  the  size  of  the  blood-corpuscles 

does  not  essentially  deviate  from  the  normal.     In  certain  diseases,  such  as 

pernicious  anaemia,  this  method  gives  such  inaccurate  results  that  it  cannot 

be  used. 

In  determining  the  relationship  between  the  weight  of  blood-corpuscles 
and  the  weight  of  blood-fluid,  we  generally  proceed  in  the  following  manner: 
If  any  substance  is  found  in  the  blood  which  belongs  exclusively  to  the 
pla<?ma  and  does  not  occur  in  the  blood-corpuscles,  then  the  amount  of 
plasma  contained  in  the  blood  may  be  calculated  if  wc  determine  the  amount 
of  this  substance  in  100  parts  of  the  plasma  or  senim,  respectively,  on  one 
side  and  in  100  parts  of  the  blood  on  the  other.  If  we  represent  the  amount 
of  this  substance  in  the  plasma  by  p  and  in  the  blood  by  6,  then  the  amount 

of  X  in  the  plasma  from  100  parts  of  blood  is  x= '—, 

Such  a  substance,  which  occurs  only  in  the  plasma,  is  fibrin  aocordmg 
to  Hoppe-Seyler,  sodium  according  to  Bunge  (in  certain  kinds  of  blood), 
and  sugar  according  to  Otto.*  The  experimenters  just  named  have  tried 
to  determine  the  amount  of  the  plasma  and  blood-corpuscles,  respectively, 
in  different  kinds  of  blood,  starting  from  the  above-mentioned  substances. 

Another  method  suggested  by  Hoppp:-Seyler  ls  to  determine  the  total 

'  Biernacki,  Zeitschr.  f.  physiol.  Chera.,  19;  Eykman,  Pfliiger's  Arch.,  60;  Hedin, 
ibid.,  and  Skand.  Arch.  f.  Physiol.,  5. 

'  Bugarsky  and  Tangl,  Centralbl.  f.  Physiol.,  11;  Stewart,  Joiim.  of  Physiol.,  24. 

'Hedin.  Skand.  Arch.  f.  Physiol,  2,' 134  and  361,  and  5;  Pfliiger's  Arch.,  60; 
Daland,  Fortschritte  d.  Med.,  9. 

*  Hoppe-Seyler,  Handb.  d.  physiol.  ii.  path.  chem.  Analyse,  6.  Aufl.;  Bunge,  Zeit- 
schr. f.  Biologie,  12;  Otto,  Pfliiger's  Arch.,  35. 
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amount  of  hsemoglobiri  and  proteids  in  a  portion  of  blood,  and  on  the  other 
hand  the  amount  of  haemoglobin  and  proteids  in  the  blood-corpiiscles  (from 
an  etpml  portion  of  the  same  blood)  which  have  been  sufficiently  washed 
with  common-salt  solution  by  centrifugal  force.  The  figures  obtained  as  a 
difference  between  these  two  determinations  corresponds  to  the  amount  of 
proteids  which  \vas  contained  in  the  serum  of  the  first  portion  of  bliKid. 
If  we  now  deteniiine  the  proteids  in  a  speeial  porticm  of  serum  of  the  same 
blood,  then  the  amount  of  serum  in  the  blood  is  easdy  determined.  The 
usefulness  of  this  method  has  been  confirmed  by  Bunge  by  the  control 
experiments  with  the  sodium  determinations.  If  the  amount  of  senini  and 
blood-cor|)uscles  in  the  blood  is  know^n,  and  we  then  determine  the  amount 
of  the  different  blood-constituents  in  the  blood-serum  on  one  side  and  of 
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0.230 

0.1  GO 

0.112 

0.547 

0.694 

— 

0,078 

0,014 

0.026 

0.036 

0.514 

2.409 

0.455 

0.243 

0.154 

0,697 

0.097 

0.046 

0.515 

624.17 
41.36 

33.16 
0.860 
0.339 
0.971 
0.446 
0.282 

0.009 

2.512 
0.148 

0.062 
0.024 
2.360 
0.133 
0.040 


Rabbit-blood. 


235,74 

136.37 

123.50 

4.55' 

0.268 
1.722 


0.040 

1.946 
0.616 

0,029 
0.460 
0.835 
0.645 


618.18 
40^71 

,Ti.63 
1.036 
0.343 
1.105 
0.749 
0.507 

0,015 

2.789 
0.162 

0.072 
0.028 
2.438 
0.151 
0.040 


numan  Pltrod. 


349.69 

16;i.33 


!   bociies 
i  139.59 


0.24 
1.50 


0.00 


439.02 
47.96 


43.82 


4.14 

1.66 
0.16 


1.72 


Hum  an  Blood, 
Worn  an. 


272.56 
123.68 


120.13 


3..'i5 

0.65 
1.41 


0.30 


561. d» 
51.77 


46.7f 


6.07 

1.93 
0.20 


0.14 
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the  total  blood  on  the  other,  the  distribution  of  these  different  blood-con- 
stituents in  the  two  chief  components  of  the  blood,  plasma  and  blood- 
corpuscles,  may  be  ascertained.  On  page  2  JO  are  given  analyses  of  the 
blood  of  various  animals  by  Abderhalden  *  according  to  Hoppe-Seyler's 
andBuNGE's  methods.  The  analyses  of  human  blood  by  C.  Schmidt  *  are 
older  and  were  made  according  to  another  method,  hence  perhaps  the 
results  for  the  weight  of  corpuscles  are  a  little  too  high.  All  the  results  are 
in  parts  per  1000  parts  of  blood. 

The  relation  between  blood-corpuscles  and  plasma  may  vary  considerably 
under  different  circumstances  even  in  the  same  species  of  animal.  In 
animals  in  most  cases  considerably  more  plasma  is  found,  sometimes  two- 
thirds  of  the  weight  of  the  blood.*  For  human  blood  Arronet  has  found 
478.8  p.  m.  blood-corpuscles  and  521.2  p.  m.  serum  (in  defibrinated  blood) 
as  an  average  of  nine  determinations.  Schneider  *  found  349.6  and  650.4 
p.  m.  respectively  in  women. 

The  sugar  occurs,  it  seems,  only  in  the  serum  and  not  with  the  blood- 
corpuscles.  The  same  is  true,  according  to  Abderhalden,  for  the  lime, 
fat,  and  perhaps  also  the  fatty  acids.  The  small  traces  of  bile-acids  found 
in  normal  blood  is,  according  to  Croftan,'  contained  in  the  leucocytes. 
The  division  of  the  alkalies  between  the  blood-corpuscles  and  the  plasma 
is  different,  as  the  blood-corpuscles  from  the  pig,  horse,  and  rabbit  contain 
no  soda,  those  from  human  blood  are  richer  in  potassium,  and  the  corpuscles 
from  OX-,  sheep-,  goat-,  dog-,  and  cat-blood  are  considerably  richer  in 
sodium  than  potassium.  Chlorine  exists  in  all  blood  to  a  greater  extent 
in  the  serum  than  in  the  blood-corpuscles.  Iodine  is  only  found  in  the 
serum,  while  iron  occurs  chiefly  in  the  form-elements,  especially  in  the 
er>- throcytes.  As  the  nucleoproteids  contain  iron,  some  iron  always  occurs 
in  the  er>'throcytes  and  traces  of  iron  are  also  found  in  the  serum.  This 
amount  imder  normal  conditions  is  very  small,  while  in  disease  the  relation 
between  haemoglobin-iron  and  other  blood-iron  does  not  seem  to  change 
very  much.  There  is  also  foimd  in  the  blood  manganese  and  traces  of  lith- 
ium, copper,  lead,  silver,  and  in  menstrual  blood  arsenic  has  also  \won  noted. 
The  blood  as  a  whole  contains  in  ordinary  cases  770-820  p.  m.  water,  with 
180-230  p.  m.  solids;  of  these  173-220  p.  m.  are  organic  and  0-10  p.  m. 
inorganic.  The  organic  consists,  deducting  6-12  p.  m.  extractive  bodies, 
of  proteids  and  hiemoglobin.  The  amount  of  this  last-mentioned  body  in 
human  blood  Ls  about  130-150  p.  m.     In  the  dog,  cat,  pig,  and  horse  the 

*  Zeitschr.  f.  physiol.  Chem.,  23  and  25. 

*  Cited  and  in  part  recalculated  from  v.  Gorup-Besanez,  Lehrb.  d.  physiol.  Chem., 
4.  Aufl.,  345. 

*See  Sacharjin  in  Hoppe-Seyler's  Physiol.  Chem.,  447;   Otto,  Pfliiger^s  Arch.,  35; 
Bunge,  1.  c;   L.  and  M.  Bleibtreu,  Pfliiger's  Arch.,  51. 

*  Arronet,  Maly's  Jahresber.,  17;  Schnoid'^r,  Centralbl.  f.  Physiol.,  5,  3C2. 
•Pfluger's  Arch..  90. 
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quantity  of  hjBmoglobin  is  about  the  same,  and  lower  in  the  blood  from  the 
ox,  bull,  sheep,  goat,  and  rabbit  (Abderhaldex). 

The  amount  uf  augar  in  the  blood  is  on  an  average  1-L5  p.  m.  It 
fieenis  to  be  independent  of  the  eompasition  of  the  food,  but  feeding 
with  large  amounts  of  sugar  or  dextrin  causes  a  considerable  increase  in 
the  sugar  of  the  Ijlood^  as  observed  by  Bleile,  When  the  quantity  of 
sugar  amounts  to  more  than  3  p.  m.,  then,  according  to  Cl.  Bernard/ 
sugar  appeal^  in  the  urinej  anrl  a  glycosuria  appears.  An  increase  in  the 
quantity  of  sugar  takiTs  place,  as  first  observed  by  Bernard  and  lately 
substantiated  by  Fr.  Hchenck,  after  removal  of  blood.  Accortling  to 
Hexriqi'es  *  this  increase  tjf  the  rt^<lucing  power,  at  Iciist  in  dogs,  is  not 
due  to  sugar  but  chiefly  tu  jecorin,  wliich  substance  is  the  cause  of  more  of 
the  reduction  in  normal  blond  than  the  sugar.  It  is  difficult  to  judge  of  the 
value  of  rnan\"  statements  as  to  the  amount  of  sugar  and  reducing  power  of 
the  blood,  bef*ause  the  experimentors  generally  have  not  considerefl  the 
presence  of  a  certain  quantity  of  jecorin  or  conjugated  glucuronic  acids  or 
they  U'(  re  una!de  to  rio  so. 

The  quantity  of  urea,  which,  accortling  to  Schondorff,  is  equally  divided 
between  the  bloodn^orpuscles  and  the  plasma,  is  greater  on  taking  food  than 
in  star\'ation  (Gr^haxt  and  QuiXQUAirn,  Schondorff)  and  varies  between 
0.2  an<l  1.5  p.  m.  In  dogs  Scuoxdorff  found  in  starvation  a  minimum 
of  0.:i4S  p.  m.  and  a  maximum  of  1,529  p.  m.  at  the  ]ioint  of  liighest 
urea  formation,  Gottlieb  obtainetl  much  lower  results  l>y  another  direct 
method,  namely,  in  starvation  0.1  to  0-2»  and  after  meat  feeding  0.28-0. 5G, 
p.  m.  In  man  v.  Jaksch  "  found  0.5-0.6  p.  m.  ureii  in  normal  blood.  The 
quantity  of  urea  is  somewhat  increased  m  fever  and  in  general  in  augmented 
proteid  metabolism  and  the  increased  urea  fonuation  depending  thereon, 
A  more  important  increase  in  the  quantity  of  urea  in  the  blood  occurs  in  a 
retarded  elimination  of  urea,  as  in  cholera,  also  in  cholera  infantum  anl 
in  infections  of  the  kidneys  and  the  urinarj'  passages.  After  ligaturing 
the  ureters  or  after  extirpation  of  the  kidne}^  of  animals  an  accumulation 
of  urea  takes  place  m  the  blood. 

The  blood  also  contains  traces  ol  ammonia.  According  to  Horodyxsei, 
Salaskix,  and  Zaleski/  who  worked  with  the  improved  Nexcki  and 
Zaleski  method,  the  quantity  in  arterial  dog-blood  was  0.41  millignim  in 
lOU  grams  of  blood.      The  blood  of  the  portal  vein  contauis  considerably 


*  Bleile,  Du  Bois-Rcymond 's  Arch.,  1879;  Bernard,  Levonssurle  diubote.  Paris,  1877* 
'  Sebcnck,  Pflugcr's  Arch.,  57;    lleiinques,  Zeitschr.  L  physk)!.  Chom.,  2S,    See  also 

Kolist'h  and  Stejskal,  Wien,  klin.  AVocheaschr.,  1S9S. 

Mrnliant  et  QuiBquaud^  Juum.  dc  ranatomie  efc  de  la  physiol,  20,  and  Compt. 
rend.,  98;  Schondorff,  Pfliiger's  Arch.,  54  and  03;  Gottlieb,  Arch,  f,  expt.  Path.  u. 
Pharrn.,  42;  v.  Jaksch..  Leyden-Fratschr,  I.  IflOL 

*  Zeitschr.  f.  physiol.  Cbem.,  So,  whii-h  atso  gives  the  nlder  literature. 
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more  than  the  blood  of  the  arteries,  namely  3-4.5  times  richer;  this   id 
disputed  by  Biedl  and  Wixterberg/  however. 

The  blood  from  healthy  persons  contains  on  an  average  0.90  milligram 
per  100  c.  c'  according  to  Winterberg.*  The  quantity  of  uric  acid  may 
be  0.1  p.  m.  in  bird's  blood  (v.  Schroder  *).  Uric  acid  has  not  been 
detected  with  positiveness  in  human  blood  under  normal  conditions,  while 
it  has  been  found  in  the  blood  in  gout,  croupous  pneumonia,  and  certain 
other  diseased  conditions.  Lactic  acid  was  first  found  in  human  blood  by 
Salomon  and  then  by  Gaglio,  Berlinerblau,  and  Irisawa.  The  quan- 
tity of  lactic  acid  may  vary  considerably.  Berlinerblau  found  0.71  p.  m* 
as  maximum.  Saito  and  Katsuyama  ^  found  on  an  average  0.269  p.  m. 
in  hen's  blood,  and  after  carbon-monoxide  poisoning  the  quantity  increased 
to  1.227  p.  m. 

The  Composition  of  the  Blood  in  Different  Vascular  Regions  and  under 

Different  Conditions. 

Arterial  and  Venous  Blood,  The  most  striking  difference  between 
these  two  kinds  of  blood  is  the  variation  in  color  caused  by  their  containing 
diflferent  amoimts  of  gas  and  different  amoimts  of  oxyhemoglobin  and 
haemoglobin.  The  arterial  blood  is  light  red;  the  venous  blood  is  dark  red, 
dichroitic,  greenish  by  transmitted  light  through  thin  layers.  The  arterial 
coagulates  more  quickly  than  the  venous  blood.  The  latter,  on  account  of 
the  transudation  which  takes  place  in  the  capillaries,  is  somewhat  poorer  in 
water  but  richer  in  blood-corpuscles  and  hacmoglolnn  than  the  arterial 
blood;  but  this  is  denied  by  modern  investigators.  According  to  IvRtJCER* 
and  his  pupils  the  quantity  of  dry  residue  and  htpmoglobin  in  blood  from 
the  carotid  arter>'  and  from  the  jugular  vein  (in  cats)  is  the  same.  Roh- 
3kL\XN  and  MtJiiSAM^  could  not  detect  any  difference  in  the  quantity  of 
fat  in  arterial  and  venous  blood . 

Blood  from  the  Portal  Vein  and  the  Hepatic  Vein.  In  consequence  of 
the  small  quantities  of  bile  and  lymph  found  relatively  to  the  large  quantity 
of  blood  circulating  tlirough  the  liver  in  a  given  time  we  can  hardly  expect 
to  detect   by  chemical  analysis  a   positive  difference  in  the  composition 

»  Pfliiger's  Arch.,  88. 

*  Ascoli,  Ibid.  J  87,  has  suggested  a  method  for  the  quantitative  estimation  of  th6 
extractive  nitrogen  in  blood. 

'  Wien.  klin.  Wochenschr.,  1897,  and  Zeitschr.  f.  klin.  Med.,  35. 
<Ludwig^8  Festschrift,  1887. 

•Irisawa,  Zeitschr.  f.  physiol.  Chem.,  17,  which  also  gives  the  older  literature;  Saito 
and  Katsuyama,  ihid.f  32. 

•  Zeitschr.  f.  Biologic,  26.  This  also  gives  the  literature  on  the  composition  of  the 
blood  in  different  vascular  regions. 

^Pfluger's  Archiv,  46. 
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between  the  blood  of  the  portal  and  hepatic  veins.  The  statements  m 
regard  to  such  a  difTerence  are  in  fact  contradicto^^^  For  example,  Dkos- 
DOFF  has  foimd  more  hiemoglobin  in  the  hepatic  than  in  the  portal  vem,  while 
Otto  found  less.  KKiroER  finds  that  the  quantity  of  ha?mogIobin,  as 
well  as  the  solids,  in  the  blood  from  the  vessels  parsing  to  and  from  the 
liver  is  different,  but  a  constant  relationship  cannot  be  determined.  The 
disputeil  question  as  to  the  %^arjdng  quantities  of  sugar  in  the  portal  and 
hepatic  veins  wiU  be  discussal  in  a  following  chapter  (see  Chapter  Vlll, 
on  the  formation  of  sugar  in  the  hver).  After  a  meal  rich  in  carbohy- 
drates the  blood  of  the  portal  vein  not  only  becomes  richer  in  dextrose, 
but  may  contain  also  dextrin  and  other  carbohydrates  (v,  Mering,  Otpo  ') 
The  amount  of  urea  in  the  blood  from  the  hepatic  vein  is  greater  than 
in  other  blood  (Ge^hant  and  Quinquaud*).  In  regard  to  the  quantity 
of  ammonia,  see  page  202. 

Blood  of  the  Splenk  Vein  is  decidedly  richer  in  leucocytes  than  the 
blood  from  the  splenic  arteiy.  The  red  blood-corpuscles  of  the  blood  from 
the  splenic  vein  are  smaller  than  the  ordinary,  le.^  flattened,  and  show  a 
greater  resistance  to  water.  The  blood  from  the  splenic  vein  is  also  claimed 
to  be  richer  in  water,  fibrm,  and  proteid  than  the  ordinary  venous  blood. 
According  to  v.  Middendorff,  it  is  richer  in  haemoglobin  than  arterial 
blood*  Kruger  '  and  his  pupils  have  found  that  the  blood  from  the  vena 
Ijenalis  is  generally  richer  in  hcenioglobin  and  solids  than  arterial  blood; 
still  the  contrary  is  often  found.  The  blood  from  the  splenic  vein  coagu- 
lates slowly. 

The  Blood  from  the  Veins  of  the  Glands,  The  blood  chciilates  with 
greater  rapidity  through  a  gland  during  activity  (secretion)  than  when  at 
rest,  and  the  outflowing  venous  blood  has  therefore  diu-ing  acti\ity  a  lighter 
red  color  and  a  greater  amount  of  oxygen.  Because  of  the  secretion  the 
venous  blood  also  becomes  somewhat  poorer  in  water  and  richer  in  sohds. 

The  blood  from  the  Muscular  Veins  shows  an  opposite  beha^dor,  for 
during  activity  it  is  darker  and  more  venous  in  its  properties  because  of  the 
increased  absorption  of  oxygen  by  the  muscles  and  still  greater  production 
of  carbon  lUoxide  than  when  at  rest. 

Mmslrual  Blood  has,  according  to  an  old  statement,  not  the  power  of 
coagulating.  This  statement  is  nevertheless  false,  and  the  apparent  un- 
coagulability  depends  in  part  on  the  womb  and  the  vagina  retaining  the 
blorxbclot^  so  that  only  fluid  cruor  is  at  times  eliminated,  and  in  part  on  a 
contanunation  with  vaginal  mucus,  w'hich  distmbs  the  coagulation.     Men- 


*  Drosdoff,  Zeitschr,  f.  physiol  Chem.^  1;  Otto,  Maly's  Jahresber.,  17;   v.  Mering, 
Pu  Bois-RejTuond's  Arck,  1877,  214. 

■  V,  Middendorff,  C^ntmlbl  f.  Physiol.,  %  753;  Kriiger,  L  c 
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strual  blood,  according  to  Gautier  and  Bourcet,  contains  arsenic  and  is 
also  richer  in  iodine  than  other  blood  (see  blood-serum,  page  157), 

The  Blood  of  lh€  Two  Sexes.  Woman  -s  blood  coagulates  somewhat  more 
quickly,  has  a  lower  specific  gravity,  a  greater  amount  of  water,  and  a 
smaller  quantity  of  solids  than  the  bloo<l  of  man:  The  amount  of  blood- 
corpuscles  and  hac'moglobin  is  somewhat  smaller  in  woman's  blood.  The 
amount  of  haemoglobin  is  146  p.m.  for  man's  blood  and  133  p.m.  for 
woman's. 

During  pregnancy  Nasse  has  observ^ed  a  decrease  in  the  specific  gra\'ity, 
with  an  increase  in  the  amoimt  of  water  until  the  end  of  the  eighth  month. 
From  then  the  specific  gravity  increases,  and  at  deliver}^  it  is  normal  again. 
The  amount  of  fibrin  is  somewhat  increased  (Becquerel  and  Rodier, 
Nasse).  The  number  of  blood-corpuscles  seems  to  decrease.  In  regard  to 
the  amount  of  haemoglobin  the  statements  are  somewhat  contradictory. 
CoHNSTEiN  found  the  number  of  red  corpuscles  diminished  in  the  blood 
of  pregnant  sheep  fts  compared  to  non-pregnant,  but  the  red  corpuscles 
were  larger  and  the  quantity  of  haemoglobin  in  the  blood  was  greater  in  the 
first  case,  Mollexberg  *  found  in  most  cases  an  increase  in  the  amount 
of  hemoglobin  in  pregnancy  in  the  last  months. 

The  Blood  at  Different  Periods  of  Life.  Fcetal  and  infant  blood  is  richer 
in  er>'throcytes  and  htcmoglobin  than  the  blood  of  the  mother.  The 
highest  percentage  of  hccmoglobin  in  the  blotid  has  been  observed  by 
several  investigators  such  as  Cohnstkix  and  Zontz,  Oito»  Wixterxitz, 
ABDERH^iLDEN.  ScHwixGE,  and  others  immediately  or  very  soon  after 
birth  or  at  least  within  the  first  days.  In  man  two  or  three  days  after 
birth  the  ha?inoglobin  reaches  a  maximum  {200-210  p.  n^.)^  which  is  greater 
than  at  any  other  period  of  life-  This  is  the  cause  of  the  great  abundance 
of  solids  in  the  blood  of  new-born  infants  as  observed  by  several  inves- 
tigators. The  quantity  of  hzpmoglobin  and  blood-corpuscles  siidcs  gradu- 
ally from  tills  first  maximum  to  a  minimum  of  about  110  p.  m,  hsemoglobini 
which  minmimn  appears  in  human  beings  between  the  fourth  and  eighth 
years.  The  quantity  of  liicmoglobin  then  increases  again  until  aljout  the 
twentieth  year,  when  a  second  maximum  of  137-150  p.  m.  is  reached,  Th^ 
haemoglobin  remains  at  tMs  point  only  towards  the  forty-fifth  }'ear»  and 
then  gradually  and  slowly  decreases  (Leichtenstrrn,  Utto*),  According 
to  older  statements,  the  blood  at  old  age  is  poorer  in  blood-corpuscles  and 
proteid  bodies  but  richer  in  water  and  salts. 

'  Xasse»  Mttly^s  Jahresber.,  7;  Ikcquerel  and  Rodier,  Traitt'  de  chim.  pathol. 
Pans,  1S54;  Cohnstein,  Pfliiger's  Arch,,  34,  233;  Mollenberg,  Maly's  Jahreaber,  31, 
185- 

=  Cohnstein  and  Zuntz,  Pfliiger^s  .Axch.,  34;  Wintemitz,  Zeitschr.  f.  pbysiol.  Chem., 
22;  Leichtenstern,  Unterstich.  iibtT  den  Humofclobingehalt  des  Blutes,  etc.  Leipzig^ 
IS78; — Otto,  Maly's  Jahres^hcT.,  15  luid  17;  AbdcrhaJden,  Zeitschr.  f.  physiol.  Chem., 
S4;  SchwingCp  Ffluger's  Arch.,  73  diterature). 
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The  Influence  of  Food  on  the  Blood,  In  complete  starv^ation  no  decreafie 
in  the  aninunt  of  .solid  blood  eonstitnents  is  found  to  take  place  (Panum 
and  others).  The  amount  of  iut-moglobin  is  increased  a  little,  at  least  in 
the  early  period  (Subbotin,  Ottg,  Hermann  and  Groll,  Luciani  and 
BlTFALiNi),  and  also  the  nunil>er  of  red  blood-corpusrles  increases  (Wcmw 
MiLLiiHj  BuNTZEX  '),  Avhich  pmiiablv  *lepends  on  the  fact  that  the  bltiod* 
corpuscles  are  not  so  quickly  transformed  as  the  serum  and  partly  because 
of  a  p-cater  concentration  doe  to  loss  of  water.  In  rabbits  anrl  to  a  less 
extent  in  dogs,  Poi'el  found  that  complete  abstinence  had  a  tendency 
to  increase  the  specific  gravity  of  the  blood.  The  amount  of  fat  in  the 
blood  may  be  somewhat  increased  in  starvation  because  the  fat  is  taken 
up  from  the  fat  dept>sit.s  and  carried  to  the  various  organs  by  the  blood 
(N,  ScHiTLZ,  Daddi  *) . 

After  a  rich  meal  the  relative  number  of  blood-corpuscles,  after  secretion 
of  digestive  juices  or  alKSorjition  of  iiutriti%^e  liquids,  may  be  increased  or 
dimini.shed  (Buxtzex,  Leichtensterx).  The  number  of  white  blood- 
coq^uscles  may  be  consideral>ly  inereaseti  after  a  diet  rich  in  proteids. 
After  a  diet  riclx  in  fat  the  plasma  liecomos,  even  after  a  short  time,  more 
or  less  milkj^- white,  like  an  emulsion.  The  composition  of  the  food  acts 
essentially  on  the  amount  of  hieino^lobin  in  the  blood.  The  blood  of 
hcrblvora  is  generally  poorer  in  hiemoglobin  than  that  from  carnivora, 
and  SuBBOTiN  has  observed  in  dop:s  after  a  partial  feeding  with  food  rich 
in  carlmhydrates  that  the  amount  of  liLemoglnbln  sank  from  the  physiological 
average  of  137.5  p.  m.  to  103.2-03.7  p.  m.  Tsunoi  ^  has  also  shown  in 
experiments  on  rabbits  and  dogs  that  with  an  insufficient  diet  of  bread 
and  potatoes^  where  the  body  gave  up  proteid  aiMl  contained  relatively 
CDnsideral>le  carl>ohydrate,  the  amount  of  haMnoglobin  decreased  and 
the  blood  became  richer  in  water.  According  to  Leichtenster.v  a 
gratlual  increase  in  the  amount  of  liiemogk>bin  is  found  to  take  place  in 
the  blood  of  human  being.s  on  enriching  the  food,  and  according  to  the 
same  investigator  the  blootl  of  lean  persoa^?  is  generall}^  somewhat  richer  in 
hBemogloljin  than  btod  from  fat  ones  of  the  same  age.  The  addition  of 
iron  salts  to  the  food  greatly  inHiiences  the  number  of  blood-corpuscles  and 
especially  the  amount  of  hiemoglobin  they  contain*  The  action  of  the  iron 
salts  is  obscure/    There  does  not  seem  to  be  any  doubt  that  not  only  ig 

'  Fanum,  Virchow '$  Arch.»  29;  Subbotinp  ZeiUclir  f.  Biologic,  7;  Otto,  I.  c. ;  Worm 
lIulltT,  Transfusion  und  Plethora.  Chrtstiania,  lS75;^Buntzei3,  see  Maly  ^s  Jahresber., 
0;  Hermann  and  Groll,  Pfluger's  Arch.,  13;  Luciani  and  liufalini,  Mftly*s  Jiihresbcr ,  12* 

'  Popcl,  Arch,  des  scienc,  biol.  do  St.  Petersbourg,  4,  354;  Schtili,  Pfliiger^s  Arch., 
65;  Daddip  Mtdy*s  Jahresbcr,  30. 

*Sijhbotin,  I  cr,  Tsuboi,  Zeitschr,  f,  Biologie,  4-1. 

*  See  Bunge,  Zcitschr  f.  phy^iol.  Chem,,  0;  Ilausermaim,  ibid,,  23,  where  the  works 
of  Weltering*  Gaule,  Ilalb  Ilochliaiis,  and  Quincke  are  cited.  The  saine  work  con- 
tains a  tabic  of  the  quantity  of  iron  in  various  foods;  Kunkel,  Pfluger'a  Arch.^  61; 
Macuilum,  Journal  of  Physiol. ,  Id;  Abderhalden,  Zeitschr,  1  Biologie,  39. 
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the  iron  contained  in  the  food  in  the  form  of  organic  compounds  active, 
but  also  iron  salts  and  therapeutic  iron.  According  to  Bunge  and  his 
pupils  the  iron  preparations  only  act  indirectly.  They  may  combine  with 
the  sulphuretted  hydrogen  of  the  intestinal  canal  and  thereby  prevent  the 
iron  associated  in  the  food  as  assimilable,  protein  compounds  from  being 
eliminated  as  iron  sulphide  (Buxge),  or  they  may  perhaps  act  as  irritants 
upon  the  blood  forming  organs  (Abderhalden). 

An  increase  in  the  number  of  red  corjmsdes,  a  true  ''plethora  poly- 
CYTH-EMiA,"  takes  place  after  transfusion  of  blood  of  the  same  species  of 
animal.    According  to  the  observations  of  Panum  and  Worm  Miller/ 
the  blood-liquid  is  quickly  eliminated  and  transformed  in  this  case, — the 
water  being  eliminated  principally  by  the  kidneys  and  the  proteid  burned 
into  urea,  etc., — while  the  blood-corpuscles  are  preser\'ed  longer  and  cause 
a"poLYCYTHiEMiA."     A  relative  increase  in  the  number  of  red  corpuscles 
is  found  after  abundant  transudation  from  the  blood,  as  in  cholera  and 
heart-failure  with   considerable    congestion.       An  increase  in  the  number 
of  red  blood-corpuscles  has  also  been  observed  under  the  influence  of 
diminished  pressure  or  in  high  altitudes.     Viault  first  called  attention  to 
the  fact  that  the  number  of  red  corpuscles  was  ver\'  great  in  the  blood  of 
man  and  animals  living  in  high  regions.     According  to  him  the  llama  has 
about  16  million  blood-corpuscles  per  cubic  millimeter.    By  obser\^ations 
on  himself  and  others,  as  well  as  on  animals,  Viault  found  the  first  effect 
of  sojourning  in  high  localities  was  a  very  considerable  increase  in  the 
number  of  red  corpuscles,  in  his  own  case  5-8  millions.     A  similar  increase 
of  the  red  blood-corpuscles,  as  also  an  increase  in  the  quantity  of  hirmo- 
globin  under  the  influence  of  diminished  pressure,  has  been  obser\'ed  by 
many  other  investigators  in  human  beings  as  well  as  in  animals.     Investi- 
gators are  not  unitet^l  as  to  how^  this  increase  is  brought  about.  The  increase 
in  the  blood-corpuscles  is  not  absolute  but  is  only  relative,  and  it  is  con- 
sidered by  several  observers  that  there  is  neither  a  new  formation  (Viault 
and  others)  nor  a  diminished  destruction  of  the  blood-corpuscles  (Fick).     A 
relative  increase  may  be  brought  about  in  different  ways.     For  example, 
another  division  of  the  blood-corpuscles  in  the  vascular  system  has  l)een 
considered,  where,  in  the  capillaries,  from  which  region  the  l)lood  has  been 
examined  more  often,  the  blood-corpuscles  accumulate  (Zltntz).     It  Is  also 
considered  that  a  concentration  of  the  blood  takes  place  by  increased  evapo- 
ration (Grawitz),  and  finally  an  increase  in  the  blood-corpuscles  has  also 
been  explained  by  a  contraction  of  the  vascular  system  with  tlie  pressing  out 
of  plasma  (Bunge,  Abderhalden  ^). 

A  decrease  in  the  number  of  red  corpuscles  occurs  in  anremia  from  differ- 

*  Panum,  Virchow's  Arch.,  29;  Worm  Miiller,  1.  c. 

'The  literature  on  this  subject  may  be  found  in  Abderhalden,  Zeitschr.  f.  Biologie, 
43;  van  Voornveld,  Pfliiger's  Arch.,  92. 
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ent  causes.  Even^  excessive  hemorrhage  causes  an  acute  anaemia,  or,  more 
correct Jy,  oligiemia*  Even  during  the  hemorrhage  the  rcmaiuing  bjood 
becomes  by  diminished  secretion  and  excretion,  as  also  by  an  abundant 
jibsnr|Jtion  of  parenchymous  fiuid,  richer  in  water »  somewhat  poorer  in  pm- 
teids,  and  Btrikingly  poorer  in  red  l>lood-coq3uscles.  The  oligiPDiia  passes 
soon  into  a  hydnemia.  The  amount  of  proteid  then  gradually  increaseB 
again;  but  the  reformation  of  the  red  blood-coqiuscles  Ls  slower,  and  after 
the  hydnpmia  follows  also  an  ciligoc^^thjpmia.  After  a  little  time  the 
number  of  bl(>od-cor|3UScles  rises  to  normal ;  but  the  reformation  of  h^emo- 
gloljin  does  not  keep  pace  with  the  reformation  of  the  corpuscles,  and  a 
chlorotic  condition  may  appear.  A  considerable  decrease  in  the  number 
•of  red  corpuscles  occurs  also  in  chronic  ansemia  and  chlorosis;  still  in  such 
eases  an  essential  decrease  in  tlie  amount  of  haemoglobin  occurs  without  an 
essential  decrease  in  the  number  of  blood-corimscles.  The  decrease  in  the 
amount  of  haemoglobin  is  more  characteristic  of  chlorosis  than  a  decrease 
in  the  muni  jo r  of  red  corpiiscles*  The  statements  on  the  changes  in  the 
blood  in  anirmia  and  chlorosis  differ  ver\^  considerably,  and  in  this  con- 
nection attention  must  be  called  to  the  findings  of  Lorrain  Smith  (based  on 
his  estimation  of  the  oxygen  capacity  and  the  blood  volume)  that  for  chlorosis 
an  absolute  diminution  of  the  amount  of  haemoglnbui  Is  not  essential,  while 
the  total  quantity  of  hsemoglobin  may  be  normal,  but  only  a  relative 
diminution  occurs^  due  to  a  pronounced  increase  of  the  blood-plasma  and 
of  the  total  quantity  of  blood.* 

A  ver>^  considerable  decrease  in  the  number  of  nxi  corpiLScles  (3(10,000- 
400,000  in  1  c.  nun.)  and  diminution  in  the  amount  of  hiemoglobin  (J-f^) 
occurs  in  pernicious  ansemia  (Hay km;  Laache,  and  others)*  On  the 
contrar\%  the  individual  red  corpuscles  are  larger  and  richer  in  hsemoglobin 
than  they  ordinarily  are,  and  the  number  stands  in  an  inverse  relatiouship 
to  the  amount  of  haemoglobin  (Hayem).  Besitles  this  the  retl  corpuscles 
often,  but  not  always,  show^  in  pernicious  anseraia  remarkable  and  extraor- 
dinary irregularities  of  form  and  size,  which  Quincke  ^  has  termed  poihiUh 
€tj!osis. 

The  number  of  leucocytes  may,  as  stated  above,  be  increased  imder 
physiological  conditions  as  well  as  aft-er  a  meal  rich  in  proteid.  Under 
pathologica]  conditions  a  high  leucoc^^tosis  may  occur,  and  this  is  especially 
found  in  leuciEmia,  w^hich  is  characterized  by  a  ver}^  great  abundance  of 
leucocytes  in  the  blood.  The  number  of  leucocytes  Ls  markefUy  increased 
in  tliis  disease,  and  indeed,  not  only  absolutely,  but  also  in  relation  to  the 

*  Trans,  Path,  Soc.  London,  51,  1900,  Complete  analyses  of  chlorotic  blt>od  may 
be  found  iti  Erlien,  Zeit^chr  f.  klin,  Med.,  47, 

'  J.aaehe,  **Die  Aniimie"  (fhristiMnia,  1883),  which  also  contains  the  literature; 
Qtt'meke,  Deutsche  Arch.  f.  klin,  ikHl.,  20  and  25.  A  complHe  cht^niical  analysis  of 
the  blood  hoa  been  made  by  Erben,  Zcitschr.  f.  klin.  ^Ic<l.,  40. 
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somber  of  red  blood-coipuscles,  which  are  increased  to  a  considerable  eactent 
in  leucsmia.  Leucffimic  blood  has  a  lower  specific  gravity  than  the  ordinary 
blood  (1035-1040) ,  and  a  paler  color,  as  if  it  was  mixed  with  pus.  The  reaction 
is  alkaline,  and  after  death  it  is  often  acid,  probably  due  to  a  decomposition 
of  lecithin,  which  is  often  considerably  increased  in  leucsemia.  Volatile 
fatty  acids,  lactic  acid,  glycerophosphoric  acid,  laige  amounts  of  xanthine 
bodies  and  so-called  Charcot's  crystals  (see  semen,  page  420)  have  also 
been  found  in  leucaemic  blood.  The  peptone  (proteose)  which  is  found  in 
the  leucaemic  blood  after  death,  and  which  does  not  exist  in  the  fresh  blood, 
is,  according  to  Erben,  a  digestive  product  which  is  produced  by  a  tryptic 
enzyme  as  well  as  traces  of  a  peptic  enzyme,  which  originate  from  the  leuco- 
c}1e&  These  enzymes,  according  to  Erben,  do  not  occur  in  normal  blood, 
or^re  so. firmly  combined  therein  that  on  the  death  of  the  cells  they  are 
not  set  free,  or  at  least  their  action  does  not  become  evident.^ 

There  are  only  a  few  complete  analyses  of  the  chemical  composition 

of  blood  in  disease,  still  a  great  nimiber  of  investigations  have  been  made 

on  this  subject.    But  as  we  have  only  a  few  analyses  of  the  blood  of  healthy 

individuals,  and  as  the  possible  variation  under  physiological  conditions  is 

little  known,  it  is  difficult  to  draw  any  positive  conclusions  from  the  analyses 

ol  pathological  blood.     Unfortunately  on  account  of  the  large  number  of 

contradictory  statements  of  the  composition  of  the  blood  of  diseased  human 

beings  it  is  impossible  to  give  a  brief  summary  of  the  results,  still  the  changes 

in  the  blood  in  disease  must  be  of  the  greatest  value. 

The  quantity  of  blood  is  indeed  somewhat  variable  in  different  species 
.of  animals  and  in  different  conditions  of  the  body;  in  general  we  consider 
the  entire  quantity  of  blood  in  adults  as  about  -^—^i  of  the  weight  of  the 
body,  and  in  new-born  infants  about  -^.  Haldane  and  Lorrain  Smith,' 
who  have  determined  the  quantity  of  blood  by  a  new  method,  find  in  fourteen 
persons  that  it  varies  between  ^  and  ^  of  the  weight  of  the  body.  Fat 
individuals  are  relatively  poorer  in  blood  than  lean  ones.  During  inanition 
the  quantity  of  blood  decreases  less  quickly  than  the  weight  of  the  body 
(Paxum'),  and  it  may  therefore  be  also  proportionally  greater  in  starving 
individuals  than  in  well-fed  ones. 

By  careful  bleeding  the  quantity  of  blood  may  be  considerably  dimin- 
khed  without  any  dangerous  symptoms.  The  loss  of  blood  to  one  fourth 
of  the  normal  quantity  has  as  a  sequence  no  durable  sinking  of  the  blood- 
pressure  in  the  arteries^  because  the  smaller  arteries  accommodate  them- 
selves to  the  small  quantities  of  blood  by  contracting  (Worm  Mijller  *).  A 
lo&s  of  blood  to  one  third  of  the  quantity  reduces  the  blood-pressure  con- 

.1  Erben,  Zeitschr.  f.  Heilkunde,  24. 
'  Joum.  of  Physiol.,  25. 
■Vipchow's  Arch.,  20. 
•Transfusion  und  Plethora,  Christiania,  1875. 
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siderably,  and  a  loss  of  one  half  of  the  blood  in  adults  is  dangerous  to  lif 
The  more  rapid  the  bleetling  the  more  dangerous  it  is.  New-b<:>rn  infant 
are  ven^  sensitive  to  loss  of  blood,  and  likewise  fat,  old,  and  weak  person 
cannot  stand  much  loss  of  blood.  Women  can  stand  loss  of  blood  bett€ 
than  men. 

The  quantity  of  blood  may  be  considerably  increased  by  the  injection  u^  ' 
blood  from  the  Simie  species  of  animal  (Panitm,  Landois,   Worm  Mulleh^^^i 
Poxfick).     Arcording  to  Wiihm  Muller  the  normal  quantity  of  blood  ma^Pi-^ 
indeed  be  increased  to  S3  per  cent  without  producing  any  abnormal  condi- 
tions or  lasting  high  blood*pressure.    An  increase  of  the  quantity  of  bloo 
to  150  per  cent  may,  with  a  considerable  variation  in  the  blood -pressures- 
be  directly  dangerous  to  life  (Worm  ^Iuller).     If  the  quantity  of  blood 
of  an  animal  is  increased  by  transfusion  ^ith  blood  of  the  same  kind 
aninuil,  an  abundant  formation  of  lymph  takes  place.    The  water  in  exc 
b  eliminated  by  the  urine;  and  as  the  proteid  of  the  blood-serum  is  quick 
decomposed,  while   the  red   blood-corpuscles  are  destroyed  much  mor 
slowly  (TsrHiHjEW,  Forster,  Panl'm,  Worm  MtJLLER*),  a  {Mjl^T^hsemiil 
is  graduaOy  produced. 

The  quantity  of  blood  in  the  different  organs  depends  essentially  on 
activity  of  the  same.     During  work  the  exchange  of  material  in  an  orga 
is  more  pronounceil  than  when  at  rest,  and  the  increased  metaboUsm  is  cou 
nected  with  a  more  abimdant  flow  of  blood.     Althotigh  the  total  quantity 
blood  in  the  body  remains  constant  the  distribution  of  the  blood  in  th 
various  organs  may  be  different  at  different  times.     As  a  rule  the  quantitj 
of  blood  in  an  organ  can  be  an  approximate  measure  of  the  more  or  le 
active  metabolism  going  on  in  the  same,  and  from  this  point  of  view  tl 
distribution  of  the  blood  in  the  different  organs  and  groups  of  organs  is  i 
interest.    According  to  Ranke,*  to  whom  we  are  especially  indebted  foi 
our    knowledge  of  the  relationship  of  the  activity  of  the  organs  to  thf 
quantity  of  blood  contained  therein,  of  the  total  quantity  of  blood  {in  thel 
rabbit)  about  one  fourth  comes  to  the  muscles  in  rest,  one  fourth  to  the 
heart  and  the  large  blood-vessels,  one  fourth  to  the  liver,  and  one  fourth 
the  other  organs. 


t 


*  Panum,  Nord.  med.  Ark,,  7;  Virchow'a  Arch,,  63;  Landois,  Centralbt  f.  d,  med. 
Wissensck,  1875,  and  "Die  Transfusion  des  Blutes,'^  Leipzig,  1S75;  Worm  MuUer, 
•'  Transfusion  unci  Plethora";  Ponfjck,  Virehow'e  Arch.^  tig;  Taehirjew,  Arbeiten  aus 
der  Physiol.  Anstalt  zu  Leipzig,  1874,  2^2;  Forster,  Zeitscbr.  f.  Biologie,  11;  Panum, 
Virehuw's  Arch.,  2ft, 

'  Die  Blutvertheiltmg  and  der  ThMigkeitaweehsel  der  Organe,  Leipzig,  1S71. 


CHAPTER  MI. 
CHYLE,  LYMPH,  TRANSUDATES  AND  EXUDATES. 

I.  Chyle  and  Lymph. 

The  lymph  is  the  mediator  in  the  exchance  of  roG5th73«:^«  ry* 

blood  and  tissues.     The  bodies  neceasan-  for  the  n-itririic  •■:  :he  -il^s^^ss 

pass  from  the  blood  into  the  lymph,  and  the  lisFTiie?  ieliver  Tar.er.  fall-,  an*! 

products  of  metabolism  to  the  lymph.    The  lymph,  there:: re.  :rlrir.a:r< 

partly  from  the  blood  and  partly  from  iSe  tissues.    Fr:n:  a  y:r^ly  :h*e^:!^:- 

ical  standpoint  one  can,    according  to  Hddevhaix.  'ii5erer.:Li:r  *-  -r'—r^^-r. 

blood-lymph  and  tissue-hTnph  acconiini^  to  orizin.     I:  i»  zr4«'!*i!/jr  i:  '-h*? 

present  time  to  completely  separate  that  which  corrj^  rV.-n:  :hr    r.-r    r  "ih^ 

other  source.    Chemically  the  lymph  is  the  sariie  as  plasna  a::i  ^-.T.'jiLlrj^.  a: 

lfti<t  to  a  great  extent,  the  same  bodies.     The  obeerva::-:-:!  •::  A-hz?.  ai:  i 

B.\KBEiL\,*  that  the  lymph  contain?  poisonous  cietaix.*l:c  rrr«i"r:.--    :  ^^s 

not  contradict  such  an  assumption,  as  no  doubt  tb«=e  prr«i-:^v  ar^.*  *.r:ir>- 

ferrotl  to  the  blood  with  the  h-mph.    Alth«^i'ish  •r>r  V.x-i  ■;  >-i  :.  ".  -':.  ~  :-':^ 

same  poisonous  action  as  the  h-mph.  still  tr.!--  r^z.  \*'  f:x:  l:i::.---I  '  y  ::.-? 

great  dilution  these  bodies  undergo  in  the  by->i.  ar.  i  :?..:-  iiff-rer.  -^  •  -::--^r. 

blofxl-plasma  and  h-mph  is  no  doubt  ^if  a  •y:ar.'::*.a::vv  r.i::r»^.    Tr.:-  lin-rr- 

enre  consists  chiefly  in  that  the  lymph  Is  ^^xrerr  ir.  rr  v:  L-.      N    ^>vr.- 

tial  chemical  difference  has  been  foun-1  bet^ef-r.  :h^r  I;,T:.vh  £ir. :  '"r-v  ;hy!e 

of  starving  animals.    After  fatty  f«x>l  the  chyle  lifter*  :r  ::.  -.hv  ly::::  L  in 

it-  wealth  of  minutely  di\ided  fat-glob*ii^-<   whirh  givv  ::  a  rr/ilky  a:  v-/ar- 

ance;  hence  the  old  name  ''lacteal  flui'i.** 

Chyle  and  Ij-mph,  like  the  plasrria.  cf»r.tain  *<-:"' urn.' .  .v-;.*"'  - '• -^. 
fibrinogen  J  and  ^Zwin  Jenneni.  The  two  last-.-r.^ritivr.*-!  *- -ii'-s  « ';':r  !..y 
in  verv'  small  amounts:  therefore  the  chyle  ar.i  \yzr.:»':\  - 
sfxjutaneously)  and  yield  but  little  fibrin.  I-ik*r  tAhf-r  \ 
ferment,  chyle  and  K-mph  do  not  at  once  coacT-ilate  eon/ 
coagulations  take  place. 

The  extractive  bodies  seem  to  Ije  the  same  a-  in  plasma.  Swjiir  y,.^r 
at  least  a  reducing  substance;  is  fr^und  in  alx>ut  the  same  quantity  as  in  the 
bloo^l-serum,  but  in  larger  quantities  than  in  the  bloxl:    this  deiH^ivlsjui 

*  Zeitschr.  f .  Biologic.  30. 
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the  fact  that  the  blood-corpuscles  contain  no  sugar.  The  glycogen  detectetB 
by  Dastrk  *  in  the  lymph  occurs  onh'  in  the  leucocytes.  Accordin«i  t«>* 
RoHMANN  and  Bial  lymph  contains  a  diastatic  enzyme  similar  to  that  in 
blood-plasma,  and  Lupine'  has  found  that  the  chyle  of  a  dog  during 
digestion  has  ^reat  glycolytic  activity'.  The  amount  of  urea  has  been  ileter- 
mineil  by  Wuhtz"  as  0.12-0.28  p.  m.  Themmerai  bodies  appear  to  be  the 
same  as  in  plasma. 

As  form-elements  lencoqites  and  red  blood-crfrpuschs  are  common  to  lioth 
chyle  and  lymph.  Chyle  in  fasting  animals  ha8  the  appearance  of  lymph. 
After  fatty  food  it  is,  on  the  contrary,  milky,  due  partly  to  small  fat-glob- 
ules, as  in  milk,  and  partly,  to  the  greatest  extent,  to  finely  divided  fat. 
The  nature  of  the  fat  occurring  in  chyle  Ls  due  to  the  A'ariety  existing  in 
the  food.  The  disproportionately^  greater  part  consists  of  neutral  fat,  and 
even  after  feeding  with  large  quantities  of  free  fatty  acids  Munk  *  found 
that  the  chyle  contained  chiefly  neutral  fat  with  only  small  amounts  of 
fatty  acids  or  soaps,  » 

The  gases  of  the  chyle  have  not  been  stu<lied,  and  it  seems  that  the 
ga^es  of  an  entirely  normal  human  lymph  have  not  thus  far  been  investi- 
gated. The  gases  from  dog-lymph  contain  only  traces  of  oxygen  and 
consist  of  37.4-53.1  per  cent  CO^  and  1.6  per  cent  X,  calculated  at  0*^  C\,  and 
760  mm.  mercurjr.  The  chief  mass  of  the  carbon  dio.xide  of  the  lymph 
seems  to  be  in  firm  chemical  combination.  Comparative  analyses  of  blood 
and  lymph  have  shown  that  the  lymph  contains  more  carbon  dioxide  than 
arterial,  but  less  than  venous  blood.  The  tension  of  the  carbon  dioxide 
of  lymph  is,  according  to  Pflijger  and  Strassburg,*  smaller  than  in  venous, 
but  greater  than  in  arterial    blood. 

The  quatUiiativc  composition  of  the  chyle  must  evidently  be  very  variable.* 

The  anah'^es  thus  far  made  refer  only  to  that  mixture  of  chyle  and  l^'mph 
which  Ls  obtained  from  the  thf^racic  duct.  The  specific  gravity  varies 
between  1.007  and  1.043.  As  example  of  the  conipusition  of  human  chyle 
two  analyses  will  l>e  given.  the  first  is  by  Owen-Rees,  of  the  chyle 
of  an  executed  person^  and  the  second  by  Hoppe-Seyler/  of  the  chyle  in 
a  case  of  mpture  of  the  thoracic  duct.  In  the  latter  case  the  fibrin  had 
previously  separated.     The  results  are  in  1000  parts. 

*  Compt.  rend,  desoc.  blol,  17,  and  C<jinpt.  rend,,  12t>;  Arch,  de  Ph^naiol.  (5),  7. 
'  llohmann  and  Bial,  Pfliiger's  Arch.,  52,  oH.  and  hh;  Lupine,  Compt.  rend,.  110. 
'  Compt.  rend.,  lU. 

*  Mrchow's  Arch,,  ^  and  123.  In  regard  to  the  analysis  of  the  fat  of  chyle,  see 
Erben.  Zeitschr,  f   physiol  Chem,,  30. 

'  Ilammarstca*  **Die  Case  der  IluiitJelyinphf*,"  Arheiten  mm  d.  phj'^iol,  Anstalt  zu 
Leipzig,  1871;  Strassburg,  Pfliiger'a  Arch.,  ii. 

*  See  also  Panxer,  Zeitschr.  f.  physiol.  Chem.,  30. 
^  Owen-Rees,  ctted  from  Hoppe-Scyler'H  Physiol.  Chem.^  59i5;   Hopp€v^Seyler,  ibid., 

&7.     See  also  Carlier,  Brit.  Med.  Joura.,  1902,  175. 
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No.  1.        No.  2. 

Water. 904.8        940.72  water 

Soads 95.2  69.28  solids 

Fibrin Traces         

Albumin 70.8  36.67  albumin 

Fat 9.2  7.23  fat 

2.35  soaps 
ro.83  lecithin 

Remainingorganlcbodies.  .     10.8         ]  ^1^  ^l^tfex^tractivee 

L  0 .  58  water  extractives 


Salts 4.4         1^; 


6.80  soluble  salt43 


35  insoluble  salts 

The  quantity  of  fat  is  very  variable  and  may  be  considerably  increased 
by  partaking  food  rich  in  fats.  I.  Muxk  and  A.  Rosenstein  ^  have  inves- 
tigated the  lymph  or  chyle  obtained  from  a  lymph  fistula  at  the  end  of  the 
upper  third  of  the  leg  of  a  girl  18  years  old  and  weighing  60  kg.,  and  the 
highest  quantity  of  fat  in  the  chylous  lymph  was  47  p.  m.  after  partaking 
of  fat.  In  the  starvation  lymph  from  the  same  patient  they  found  only 
0.6-2.6  p.  m.  fat.  The  quantity  of  soaps  was  always  small,  and  on  partaking 
of  41  grams  of  fat  the  quantity  of  soaps  was  only  about  -^^  of  the  neutral 
fats. 

A  great  many  analyses  of  chyle  from  animals  have  been  made,  and 

they  chiefly  show  the  fact  that  the  chyle  is  a  liquid  with  a  ver}'^  changeable 

composition  which  stands  closely  related  to  blood-plasma,  but  with  the 

chief  difference  that  it  contains  more  fat  and  less  solids.     The  reader  is 

iieferred  to  special  works  for  these  analyses,  as,  for  example,  to  v.  Gorup- 

Bes.wez's  ''Lehrbuch  der  physiologLschen  Chcmie/'  4th  edition. 

The  composition  of  the  lymph  is  also  ver}'  changeable,  and  its  specific 
gravity  shows  about  the  same  variation  as  the  chyle.  In  the  following 
analyses,  1  and  2,  made  by  Gubler  and  Quevexne,  are  the  results  ob- 
tained from  lymph  from  the  upper  part  of  the  thigh  of  a  woman  aged  39; 
and  3,  made  by  v.  Scherer,  is  an  analysis  of  lymph  from  the  sac-like 
dilated  lymphatic  vessels  of  the  spermatic  cord.  No.  4  was  made  by 
C.  Schmidt,'  the  data  being  obtained  from  lymph  from  the  neck  of  a  colt. 
The  results  are  in  parts  per  1000. 

12  3  4 

Water 939.9  934.8  957.6  955.4' 

Solids 00.1  G5.2  42.4  44.6 

Fibrin 0.5  0.6  0.4  2.2 

Albumin 42.7  42.8  34.7)  

Fat,  cholesterin,  lecithin 3.8  9.2         [  35.0 

Extractive  bodies 5.7  4.4         )  

Salts 7.3  8.2  7.2  7.5 


^Virohow's  Arch.,  123. 

'Gubler  and  Quevenne,  cited  from  Hoppe-Seyler's  Physiol.  Chem.,  591;   Scherer, 
ibid.,  591;  C.  Schmidt,  ibid.,  592. 


The  salts  found  by  C.  Schmidt  in  the  lymph  of  the  horse  has  the 
lowing  composition,  calculated  in  parts  per  lOCX)  parts  of  the  lymph: 

Sodium  chloride , ,  5 .  67 

Sodft. 1 ,27 

Potash , 0 ,  16 

Sulphuric  acid. . - . .  - 0.0& 

PhoHphoric  acid  united  with  alkalies.  . , , ,  0 .02 

Earthy  i>ho«phates ,  .  .  , 0 .  26 

In  the  eases  investigated  by  Munk  and  Rosensteix  the  quantity  of 
solids  in  the  fa^sting  cnndition  varied  between  Z5J  and  57.2  p.  m.  This 
variation  %vas  essentially  dependent  upon  the  extent  of  secretion,  so  that 
the  low  amount  coincides  with  a  more  active  secretion,  and  the  reverse  in 
the  other  case.  The  chief  portion  of  the  solids  consisted  of  proteids,  and 
the  relatioiLship  lietween  globulin  and  albumin  was  as  1:2,4  to  4.  The 
mineral  bodies  in  1000  parts  lymph  (chylous)  was:  NaCl  5.83;  Na^CXDj  2.17; 
K2HP(>^0.28;  (X(PO,)3  0.28;  Ms3(P(>J^0X)9;  and  Fe(PO,)  0X»25. 

I  luler  special  eonditioiLs  the  lymph  ma}^  be  so  rich  in  finely  dividetl  fat 
that  it  appears  like  chyle.  Such  lymph  has  been  investigateti  by  Hensek 
in  a  case  of  lymph  fistula  in  a  ten-year-old  boy,  and  by  Lang  *  in  a  case  of 
lymph  fistula  in  the  left  upper  part  of  the  thigh  of  a  girl  of  seventeen. 
The  lymph  investigatetl  by  Hensen  varied  in  the  quantity  of  fat,  as  an 
averaj^e  of  nineteen  analyses,  between  2.8  and  36.9  p.  m.,  while  that  inves- 
tigatetl by  Lan(;  contained  24.85  p.  m.  of  fat. 

The  quantity  of  lymph  secreted  must  naturaUy  change  considerably 
under  various  conditions,  and  there  are  no  means  of  measuring  it.  The 
size  of  the  flow  of  lymph  is,  as  Heidexhaix  suggests,  no  measure  of  the 
abundance  of  supply  of  nutritive  material  to  the  organs,  and  the  lymph- 
tubes  act  accorduig  to  him  as '^  drain- tubes/'  removing  the  excei?s  of  fluid 
fnjm  the  lymph-fissures  as  soon  as  the  pressure  therein  rises  to  a  certain 
height.  Attempts  have  been  made  to  determine  the  quantity  of  lymph 
flowing  in  24  hf»urs  hi  the  thoriiric  duct  of  animals.  According  to 
Heioexijain  the  rjuantity  average3  640  c,  c.  for  a  dog  weighing  10  kilos. 

Detenninations  of  the  quantity  of  lymph  in  man  have  also  been 
attempted.  Nokl-Paton  *  obtaini  d  1  c.  c.  of  lymph  per  minute  frc»m  the 
severed  thoracic  duct  of  a  putient  weighing  60  kilos.  The  quantity  in  the 
24  houns  cannot  be  calculated  from  thii4  amount.  In  the  case  of  Mu.vk  and 
RrKsKXHTEix,  1134-1372  grams  chyK-  was  collected  within  12-13  hours  after 
partaking  of  food.  In  the  fasting  tondition  or  after  starvdng  for  IS  hours 
they  found  50  to  70  grams  per  hour,  sometimes  120  grams  and  above,  espe- 
cially in  the  first  few  honi^  after  powerful  muscular  exercise. 

Several  circumstances  have  a  marked  influence  on  the  extent  of  lymph 

^  Hensen,  Pflfiger'a  Arch,.  10;  Lang,  see  Maly's  Jahresber.,  4. 
*  Joum.  of  Phyijiol.,  11. 
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aecretioo.  During  stan^ation  less  lymph  is  secreted  than  after  partaking 
of  food  Nasse  *  has  obsenxd  in  dogs  that  the  formation  of  lymph  is 
increased  36  per  cent  more  after  feeding  with  meat  than  after  feeding  witli 
potatoes,  and  about  54  per  cent  more  than  after  24  hours'  deprivation  of 
{fX}d.  In  this  connection  mention  must  he  niade  of  the  important  nhsen^atuins 
of  AsHER  and  Bahbeilv  '  that  with  pure  proteid  diet  the  lymph  current 
is  increased  in  the  thoracic  cavity  and  ako  that  the  increase  in  the  lymph 
^netion  nins  parallel  with  the  elimination  of  nitrogen  in  the  urine,  i.e., 
with  the  absorption  of  the  proteid  from  the  digestive  tnirt. 

An  increase  in  the  total  quantity  of  blood,  as  by  transfusion  of  bloody  also 
especially  on  preventing  the  flow  of  blood  by  means  of  ligatures,  causes  an 
iiercAse  in  the  quantity  of  lymph.  According  to  Heidenhain,  on  the 
coDtmr}'^  a  ver>''  considerable  change  in  the  pressure  in  the  aorta  causes 
<>nly  a  little  change  in  the  abundance  r»f  the  lynqih-flow.  The  quantity  of 
Jymph  may  be  raised  by  powerfully  active  and  passive  movements  of  the 
limbs  (Lesser).  Under  the  influence  of  curara  an  increase  of  the  lymph 
Secretion  is  observ^ed  (Pascuutin,  Lesser*),  and  the  quantity  of  soUds  in 
the  lymph  is  also  iaereased. 

The  bodi^  inciting  lymph-flow,  the  so-called  lymphagogues^  are  of  espe- 
cially great  interest  and  they  may,  according  to  Heidenhain/  be  divided 
Iiiito  two  different  chief  groups.     The  lymphagogues  of  the  first  series — 
extracts  of  crab-muscles,  blood-leech,  anodons,  liver  and  intestine  of  dogs, 
Is  well  as  peptone  and  egg  albumin,  strawberrv^  extracts^  metabolic  products 
rf  bacteria  and  others — cause  a  greatly  increased  secretion  of  lymph  without 
mimig  the  blood  pressure,  and  in  tliis  way  the  blood-pla^sma  liecomes 
poorer  in  protei{l.s  and  the  lymph  richer  than  before.     For  the  formation 
of  this  lymph,  which  Heidenh^^in  designates  blof«d-lymph,  we  must  admit 
\sith  him  of  a  special  secretory  activity  of  the  capillar>*-wa!l  endothcliiun, 

Eie  lymphagogues  of  the  second  series,  stich  as  sugar,  urea,  sodium  chloride, 
d  other  salts,  also  cause  an  abundant  lymph  formation.  The  blood, 
aa  well  as  the  lymph,  thereby  becomes  richer  in  water.  This  increased 
amount  of  wat^r  depends,  accnnling  to  Heidexhaix,  upon  an  increased 
deliver}-  of  water  Ijy  the  tissue-element^!,  and  this  lymph  is  chiefly  tissue- 
lymph,  accortiing  to  him.  DiflfuHion  Is  no  doubt  of  great  importance  in 
Ke  formation  of  this  lymjih.  I>ut  the  secretory  activity  of  the  endotheHum 
also  of  importance  at  least  for  certain  bodies,  such  as  sugar. 

*  Cited  from  Hoppe-Seylpr,  Physiol.  Chem.,  593, 

*  The  works  of   .^her  arid  coll atiom tors,  Barbdra,  Gies  and  Busch,  upon   lymph 
formation  may  be  found  in  Zietschr,  f,  BioloK^^^i  311,  ST,  40. 

■  Leasefi  Arbeiten  &ns  der  physiol.  Anatalt  zu  Leipzig,  Jahrgang  6;    Paschutin, 
7. 

*  Heidenhain,  Pfliiger's  Arch,,  i^;    Ilamburger,  Zeitschr.  L  Biologic,  27  and  30. 
ciaHy  Ziegler's  Beitr,  «ur  path.  u.  zur  allg.  Pathol,  14,  443;   also  Du  Bob- 

tid's  Arch.,  1895  and  1896. 
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In  the  past  the  formation  of  lymph  was  explained  in  a  purely  physic^^il 

Lway  by  the  united  action  of  filtration  from  the  blood  and  the  osmo 
between  the  blood  and  tissue-fluid.     Latter  Heidexhain  and  Hamburge 
ascribe  a  special  activity  to  the  capillar)^  endothelium  in  that  they  tak  — 
part  in  the  formation  of  lymph  in  a  secretor\'  manner. 

Another  view  which  also  besides  the  physical  processes  is  of  especia 

physiological  moment  in   the  explanation  of  lymph  formation  was  siig 

gested    by   Asher    and  his  collaljK^rators   {Barbera,   Gies  and  Busch) 
According  to  them  the  lymph  is  a  product  of  the  work  of  the  organs;  it^^ 
amount  is  dependant  upon  an  increasetl  or  diminished  activity  of  the  organ^^ 
and  the  lyn^ph  Is  therefore  a  measure  of  the  work  in  these.     The  clos^^ 
relation  between  lymph  formation  and  organ  work  has  also  been  showit-^ 
for  several  cleans,  especially  for  the  liver,     Starlikg  has  showTi  that  after*' 
the  intn>ductinn  of  lymphagon:ues  of  the  first  series  chiefly  liver  lymph  is 
secreted,  which  he  clainLs  is  a  proof  against  Heidenhain*s  view,  and  he 
explains  the  increasetl  penneability  of  the  vessel  wall  by  the  fact  that  these 
bodies  have  a  poisonous  irritating  action.     On  the  contrary-,  Asher  explains 
this  increased  l^^mph-flow  by  tlie  statement  that  the  substance  m  question — 
as  weU  as  those  influences  which  incite  the  activity  of  the  Ever — produces 
an  increasetl  formation  of  lymph  in  these  organs.     Tills  view  is  supported 
by  the  experience  upon  the  action  of  lymphagogues  upon  blood  cuagida- 
tion  and  liver  activity  (Delezenne  and  others),  as  according  to  Gley  these 
bodies  have  at  the  same  time  a  lyniphagogue  action  and  an  action  upon 
the  secretion  of  the  glands.     The  coimection  between  organ  activity  and 
lymph   formation   has,   besides    the   above-mentioned   investigators,   also 
been  shown  by  others  upon  muscles  and  glands  (Hamburger,  BAiXBRmGE\). 

The  extent  of  organ  work  certainly  essentially  influences  the  quantity  and 
properties  of  the  lymph.  Still  from  this  we  cannot  draw  any  positive  con* 
elusions  as  to  whether  the  lymph  formation  is  brought  about  by  physico- 
chemical  processes  alone  or  if  in  this  process  a  specific,  not  closely  de- 
finable, secretor}^  force  is  at  work  at  the  same  time.  In  regard  to  this 
much-disputed  question  attention  must  be  called  in  the  first  place  to  the  fact 
that  the  important  works  of  Heibes'haix,  Hamburger^  Lazarus-Barlow, 
and  othere,  as  well  as  the  investigations  of  Asher  and  Gie^  and  of  Mexdel 
and  Hooker^  upon  the  lengthy  post-mortem  lymph-flow^  have  shown 
that  the  older  filtration  hypothesis  is  untenuble.  That  the  part  played 
by  filtration  as  compared  to  that  of  the  osmotic  force  is  only  ver>^  trivial 
has  been  conclusively  shown  by  the  adherents  of  the  physico-chemical 
theor>^  of  lymph  formation. 

Several  investigators  (Koranti,  Starling,  Roth,  Asher,  and  others) 

*  In  regard  to  the  works  cited,  as  well  as  the  literature  upoi^  lymph  formation,  see 
Ellinger,  ''Die  Bildung  der  Lymphe"  Ergebnisae  des  Phyaiol,  I,  Abt.  I,  1902. 
'  Amer  Joum.  of  Physiol,  7, 
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have  shown  clearly  that  the  work  in  the  glands  and  tissue-cells  must  cause  a 
difference  in  the  osmotic  pressure  upon  the  two  sides  of  the  capillary-wall. 
Tlat  this  is  so  follows  from  several  circumstances  and  also  fn)m  the  fact 
that  in  dissimilation  in  the  cells,  bodies  of  high  molecular  weight  are  split 
into  a  number  of  smaller  molecules,  w^hich  latter,  either  directly,  if  they 
leave  the  cells  and  pass  into  the  tissue-fluid,  or  indirectly,  when  they  remain 
in  the  cells,  produce  an  increase  in  the  osmotic  tension  within  the  cells  and  in 
tlis  way  cause  a  taking  up  of  water  from  the  fluid  and  must  therefore 
increase  the  osmotic  pressure  of  the  tissue-fluids.     As  the  cells  can  by  syn- 
thesis build  up  highly  complex  constituents  from  simple  molecules,  and  as 
the  chief  products  of  catabolism  are  carbon  dioxide  and  water,  it  is  diffi- 
cult to  explain  these  intricate  conditions.     Still,  irrespective  of  whatever 
^'iew,  a  change  in  one  or  the  other  direction  in  the  osmotic  pressure  upon 
both  sides  of  the  capillary-wall  must  be  produced  hereby.     Whether  this 
and  other  physico-chemical  processes  are  alone  sufficient  to  explain  the 
hinph  formation  (Cohnstein,  Ellinger)  remains  an  open  and  disputed 
question.* 

II.  Transudates  and  ^Exudates. 

The  serous  membranes  are  normally  kept  moistened  by  liquids  whose 
quantity  is  only  sufficient  in  a  few  instances,  as  in  the  pericardial  cavity 
and  the  subarachnoidal  space,  for  a  complete  chemical  analyis  to  be  made 
of  them.     Under  diseased  conditions  an  abundant  transudation  may  take 
place  from  the  blood  into  the  serous  cavities,  into  the  subcutaneous  tissues, 
or  under  the  epidermis;    and  in  this  way  pathological  transudates  arc 
formed.     Such  true  transudates,  which  are  similar  to  lymph,  are  gener- 
ally poor  in  form-elements  and  leucocytes,  and  yield  only  very  little  or 
almost  no  fibrin,  while  the  inflammatory  transudates,  the  so-called  exu- 
dates, are  generally  rich  in  leucocytes  and  yield  proportionally  more  fibrin. 
.\s  a  rule,  the  richer  a  transudate  is  in  leucocytes  the  closer  it  stanrls  to 
pas,  while  a  diminished  quantity  of  leucocytes  renders  it  more  nearly  like  a 
real  transudate  or  lymph. 

It  is  ordinarily  accepted  that  filtration  is  of  the  greatest  importance 
in  the  formation  of  transudates  and  exudates.  The  facts  coincide  with 
this  view  that  all  these  fluids  contain  the  salts  and  extractive  Ixxlies 
occurring  in  the  blood-plasma  in  about  the  same  quantity  as  the  l^locul- 
plasma,  while  the  amount  of  proteids  is  habitually  smaller.  While  the? 
different  fluids  belonging  to  this  group  have  about  the  same  quantities  of 
salts  and  extractive  bodies,  they  differ  from  one  another  chiefly  in  contain- 
ing differing  quantities  of  proteid  and  form-elements,  as  well  as  varying 


*  On  this  question  see  Ellinger,  *'Die  Bildung  der  Lymphe,"  Ergebnisse  der  Phy- 
mologie,  I,  Abt.  1,  355. 
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quantities  of  transformation  and  det'omposition  products  of  these  latt-er — 
•changed  bio ocl-eolo ring  niatters,  eholcsterin,  etc.  The  rorrps|>ondeni'e  in 
,the  amount  of  salts  and  extractive  bodies  present  in  the  blood  and  in 
transudates  supplies  just  as  Utile  proof  for  a  filtration  as^  it  does  for  the  form- 
ation of  lymi^h;  l>ut  still  it  eiinuot  be  tlonbted  for  other  reasons  that  fil- 
tration is  often  of  great  iinportance  in  the  furniation  of  a  traasudate.  To 
what  extent  filtration  Ls  aetive  in  the  perfectly  normal  vascular  wall  cannot 
be  answered. 

The  changed  permeability  of  the  eapillar>'  walls  in  disease  is  a  second 
important  factor  in  the  formation  of  transudates.  The  circumstance  that 
the  gn^atest  quantity  of  proteid  occurs  in  transudates  in  inflanimatory 
processt^,  to  which  is  also  due  the  abundant  quantity  of  fomvelenients  in 
such  transudates,  has  been  explained  by  this  hypothesis.  The  greater 
quantity  of  pmteid  in  the  transtulates  in  formative  irritation  Is  in  great 
part  explained  by  the  large  amoimt  of  destroyed  form-elements.  The 
interesting  ol^ervation  made  by  Paukull/  tliat  in  such  casosi  in  which  an 
inflammatory^  irritation  has  taken  place  the  fluid  contains  nuclec^albumin 
(or  nuclwiproteids?),  while  these  substances  do  not  occur  in  transuilates 
in  the  absence  of  inflammatory  processes,  can  be  explainetl  by  the  pres- 
ence  of  form-elements.  Still,  such  a  phosphorized  protein  substance  does 
not  occur  in  ail  inflammat^jry  exudates. 

As  the  secretory  importance  of  the  capillary  endothelium  has  been  made 
probable  by  the  invc^stigations  of  Heidexhaix,  it  is  a  priori  to  l>e  expected 
that  an  abnormally  increased  secretory  activity  of  the  endothelium  is  a 
cause  of  transudates.  Those  obser\'ations  which  substantiate  such  an 
assumption  ran  also  be  explained  just  as  well  by  assuming  a  changed 
permeal>ility  of  the  capillary-walls. 

The  var>'ing  quantities  of  proteid  obsen^ed  by  C.  Schmidt  *  in  the 
tissue-fluids  in  dilTerent  vascular  regions  can  j^erhaps  l)e  ex|rlaine<l  by  the 
different  condition  of  the  capillar}'  endothelium.  For  example,  the  amount 
of  proteid  in  the  pkrumedial,  pleural,  and  feritoxeal  fluids  Is  con- 
siderably greater  than  in  those  fluiils  which  are  fouiul  in  the  si'barach- 
KoiDAL  SPACE,  in  the  suucutaxeous  tissues,  ur  in  the  aque€ius  humor, 
which  are  poor  in  proteid.  The  condition  of  the  blood  also  greatly  affects 
the  transudates,  fnr  in  hydricmia  the  amoinit  fif  pmteid  in  the  traii-sudate 
is  very  smaib  With  the  increase  in  the  age  of  a  transudate,  of  a  hydrocele 
fluid  for  instance,  the  quantity  of  proteid  is  increased,  probably  by  resorp- 
tion u(  water,  and  iiuleed  exceptional  cases  may  occur  in  wliich  the  amount 
of  proteitb  without  any  previous  hemorrhage,  is  even  greater  than  in  the 
blood-serum. 

The  proteids  of  transudates  arc  chiefly  seralbumin,  serglobuUn,  and  a ' 


I 


'  See  Maly  ^s  Jahresber,  25. 

'  Cited  from  Hoppe-Seyler,  Physiol.  Chem.,  G07, 
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little  fibrinogen.  Proteoses  and  peptones  do  not  occur^  with  perhaps  the 
cerebrospinal  fluid  as  an  exception,  and  in  those  cases  where  an  autol^'^is  has 
taken  place  in  the  liqinil.*  The  noii-inflamniatory  transudates  do  not  as 
a  nde  coagulate  spontaneously,  or  xcry  slowly.  On  the  addition  of  blood 
or  bloodnsenim  they  coagulate.  Inflammatory  exudates  coagulate  spon- 
taneously, and  Pa[jkull  has  shown  that  these  often  contain  nuelenproieid 
(or  nucletialbumin).  In  inflammatory  exudates  a  protein  suljstance  haa 
been  habitually  obser\^eil  which  is  precipitated  by  acetic  acid,  but  which 
does  not  occur  in  transudates,  or  only  in  very  small  qtumtities.  This  sub- 
stance, which  was  obser^'etl  and  studieil  by  Moritz,  Staehelin,  and 
Umber,  is  free  from  phosphorus  and  is  called  serosamucin  by  Umber, 
although  it  only  yields  very  little  reducing  carbnhydmte.  According  to 
JoACHLM  '  it  is  only  a  part  of  the  globulin,  and  further  investigation  is 
very  desirable.  .Mucoid  substances,  which  were  first  observ^ed  by  HAM^tAR- 
STEX  in  certain  ciise^'  of  ascites  without  complication  with  ovarial  tumors, 
seem  according  to  Paukull  ^  to  be  a  regular  constituent  of  transudates 
as  a  cleavage  product  of  a  more  complicated  substance. 

There  are  numerous  invest Igatirius  on  the  relatifinship  betwwn  globu- 
lin and  seralbumin,  and  Jijachim  has  recently  determined  the  relatinnship 
between  euglobulin  and  the  ttital  globulin.  No  conclusive  results  can  bo 
drawn  from  these  detemdnatit^ns.  The  relationship  between  globulin  and 
seralbumin  varies  very  mucli  in  different  caj^cs,  but,  as  Hoffmann  and 
Pig  BAUD  *  have  shown,  the  variation  is  in  each  case  the  same  as  In  the  blood- 
senun  of  the  individual. 

The  specific  gravity  runs  rather  parallel  with  the  quantity  of  proteid. 
The  var>'ing  specific  gravity  has  been  suggested  as  a  meaas  of  differentiation 
between  transudates  and  exudates  by  Reusb,^  as  the  first  f  if  ten  show  a 
specific  gravity  beluw  1015-1010,  while  the  others  have  a  specific  gravity 
of  1018  or  above.     This  rule  liokls  gowl  in  many  but  not  in  all  cases. 

The  gases  of  the  transudates  consist  of  carlxju  dioxide  besides  small 
aounts  of  nitnigen  and  traces  of  oxygen.  The  teiLsion  of  the  carljon 
dioxide  is  greater  in  the  transudates  than  in  the  blooiL  Wlien  mixed 
with  pus  the  amount  of  carbon  dioxide  is  decreased. 

The  extractives  are,  as  above  staled^  the  same  as  in  the  bloo^l-plasma ; 
but  sometimes  extractive  bodies  occur,  such  as  itUanknn  in  dnijisical  fluiLb 


'  Umber,  Miinch,  med*  Woehetischr, ,  1902,  and  Berl'm,  klin.  W  oclieiischr. ,  11103. 
*Paijkiill,  I.   c;  Moriti!,  Munch,  med,  Wtichenschr. »  1903;   Staehelin,  ibid.,  1902; 
Umber,  Zeitschr.  f.  klin.  Mfd.*  \S;  Joachim,  Pfliiger'a  Arch  .  93. 

*  HammArsten,  Zeitschr.  t  phy^iol  Cheni.,   ir»;    Paijkull,  L  c.     See  fdso  Young, 
tJber  dm  Mticoul  der  .ViscitesflLiivHi^keit.  Iiiuug.  Diss.  Ztirirh,  1^)1. 

*  Joachim,  1.  c. ;   lloffinnnn,  Arch.  f.  exp.  Putk  u.  Phamu^  IC;   Pigeaud^  see  Maly'i 
Jahresher.,  IG. 

*  Reuss,  l>euttii:h.  Arcb.  f.  klin.  Med.,  2S,    See  also  Utto.  Zeitschr.  L  Hcilkunde.  17, 
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(MoscATELLi  *),  which  have  not  been  detected  in  the  blood.  Urea  seerxns 
to  occur  in  A'er>'  variable  amounts.  Sugar  also  occurs  in  transudates,  l>^«Jt 
it  is  not  knowTi  to  what  extent  the  reducing  power  b  due,  as  in  blocxi- 
senun,  to  other  bodies.  A  reducing,  non-fermentiible  substance  has  be-^^n 
found  by  Pick^vrdt  in  transudates.  The  sugar  is  generally  dextrose,  U^i-it 
kt^Tilosc  seeins  to  have  l>een  found  ^  in  se\'erul  cases.  SarcolacHc  add  li..a3S 
been  found  by  C.  KuLZ  ^  in  the  pericarthal  fluid  from  oxen.  Succinic  acrwi 
has  been  found  in  a  few  eases  in  hydrocele  Ouids,  while  in  other  cases  i* 
is  entirely  absent,  Leucin  and  ti/rosin  have  been  found  in  transudate 
from  diseased  livers  and  in  pus-like  transudates  which  have  undergo«r:»^^ 
decomposition,  and  after  autolysLs.  Among  other  extractives  found  i  ^ 
tniasudates  must  be  mentioned  imr  ac/(i,  xanthine ^  crfatinc,  inositVf  arm^"^ 
pyrocait'chin  (?). 

As  abo%^e  state<b  irrespective  of  the  varying  number  of  frnni-elemenC:-^ 
contained  in  the  tlifTerent  transudates,  the  quantity  of  pruleid  is  the  mo^  ^ 
characteristic  chemical  distinction  in  the  composition  of  the  various  tran^ — 
udates;  therefore  a  quant itative  aualysLs  is  only  (^f  importance  in  so  fa*" 
as  it  considem  the  quantity  of  proteid.  On  this  accouMt,  in  the  followin^^ 
quantitative  compf»sition,  chief  stress  will  be  put  on  the  (juantity  of  proteid^  i 

Pericardial  Flviid.  Tlie  r|uantity  of  this  flind  Ls  alsti,  under  certaitx 
physiolngical  conch tions^  so  large  that  a  sufFtcient  quaiitit}'  for  chemical 
investigation  was  obtahied  from  a  person  wlio  had  been  executed.  This 
fluid  m  lenion-yellow  in  color,  somewhat  sticky,  and  yields  mrvre  fibrin  than 
other  transudates.  The  amount  of  solids »  according  to  the  analj'ses  per- 
formed by  v.  Gorup*Bebanez,  Wachsmuth,  and  Hoppe-8eyler/  is 
37.5-44.9  p.  m.^  and  the  amount  of  prntcid  Is  22.S-24.7  p.  m.  The  analysis 
made  l>y  Hammarstex  of  a  fresh  pericardial  fluid  fnnn  a  young  man  who 
had  been  executed  yielded  the  following  results,  calculated  in  1000  parts  by 
weight : 

Wat^r 960.85 

Solids. 39.15 

(Fibrin 0.31 

Proteids 28.60  i  Glolmlin 5.95 

(  .Allmmia 22.34 

Soluble  salts 8J30     XaCl. 7.28 

Insoluble  salts. 0.15 

Extractive  bodies 2.00 

Friend  ^  has  found  nearly  the  same  composition  for  a  pericardial  fluid 
from  a  horse,  with  the  exception  that  thi^  liquid  was  relatively  richer  in 

*  Zeitschr  T  physiol.  Cheiij.,  1^, 
'  Pickardt,  Bed.  klin.  Woclienschr.,  1807.     Sec  also  Rotmann,  Miinch.  med,  Wocb- 

enschr.,  1S9S;   Neuberg  and  Stmiias,  Zeitsehr  f.  physioL  Chem,,  36. 

*  Zeitschr.  f.  Bioloifie,  32 
•v.  Goni|vlteanej5,  Lphrlnich  d,  phyniol.  Chetn,*  4,  Avifl,,  401;    Wachsmuth^  Vir- 

cliow's  Arch.,  7;   Hiippe'Seyler,  Physiol.  Chetn.,  605. 

*  Halliburton,  Text-book  of  Cheni.  Physiol.,  etc.,  347.     London^  1891. 
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gbbulin.  The  ordinary  statement  that  pericardial  fluids  are  richer  in 
fibrinogen  than  other  transudates  is  hardly  based  on  sufficient  proof.  In 
a  case  of  chylopericardium,  which  was  probably  due  to  the  rupture  of  a 
chylous  vessel  or  caused  by  a  capillary  exudation  of  chyle  because  of  stop- 
page, Hasebroek  *  found  in  1000  parts  of  the  fluid  103.61  parts  solids, 
73.79  parts  proteids,  10.77  parts  fat,  3.34  parts  cholesterin,  1.77  parts 
lecithiQ,  and  9.34  parts  salts. 

The  pleural  fluid  occurs  under  physiological  conditions  in  such  small 
quantities  that  a  chemical  analysis  of  the  same  cannot  be  made.     Under 
pathological  conditions  this  fluid  may  show  very  variable  properties.     In 
certain  cases  it  is  nearly  serous,  in  others  again  sero-fibrinous,  and  in  others 
similar  to  pus.     There  is  a  corresponding  variation  in  the  specific  gravity 
and  the  properties  in  general.     If  a  pus-like  exudate  is  kept  closed  for  a 
long  time  in  the  pleural  cavity,  a  more  or  less  complete  maceration  and 
solution  of  the  pus-corpuscles  is  found  to  take  place.    The  ejected  yellowish- 
bro\\'n  or  greenish  fluid  may  then  be  as  rich  in  solids  as  the  blood-serum; 
and  an  abundant  flocculcnt  precipitate  of  a  nucleoalbumin  or  nucleopro- 
teid  (the  pyin  of  early  writers)  may  be  obtained  on  the  addition  of  acetic 
acid.    This  precipitate  is  soluble  with  difficulty  in  an  excess  of  acetic  acid. 
Numerous  analyses,  by  many  investigators,^  of  the  quantitative  composi- 
tion of  pleural  fluids  under  pathological  conditions  are  at  hand.      From 
these  analyses  we  learn  that  in  hydrothorax  the  specific  gravity  is  lower  and 
the  quantity  of  proteid  less  than  in  pleuritis.     In  the  first  case  the  specific 
gravity  is  generally  less  than  1015,  and  the  quantity  of  proteid  10-30 
p.  ra.     In  acute  pleuritis  the  specific  gravity  Is  generally  higher  than  1020, 
and  the  quantity  of  proteid  30-65  p.   m.     The  quantity  of  fibrinogen, 
which  in  hydrothorax  is  about  0.1  p.  m.,  may  amount  to  more  than  1  p.  m. 
in  pleuritis.     In  pleurisy,  with  an  abundant  gathering  of  pus,  the  specific 
gravity  may  rise  even  to  1030,  according  to  the  observations  of  Hammar- 
.STEX.     The  quantity  of  solids  is  often  60-70  p.  m.,  and  may  be  even  more 
than  90-100  p.  m.  (Hammarsten).      ^lucoid  substances  have  also  been 
detected  in  pleural  fluids  by  Paijkull.     Cases  of  chylous  pleurisy  are  also 
known;    in  such  a  case  M6hu  ^  found  17.93  p.  m.  fat  and  cholesterin  in 
the  fluid. 

The  quantity  of  peritoneal  fluid  is  very  small  under  physiological  condi- 
tions. The  investigations  refer  only  to  the  fluid  under  diseased  conditions 
(dropsical  or  ascitic  fluid).  The  color,  transparency,  and  consistency  of 
these  may  varj^  greatly. 

*  Zeitschr.  f.  physiol.  Chem.,  12. 

'See  the  works  of  M<5hu,  Runeberg,  F.  Hoffmann,  Reuss,  Xeuenkirchen,  all  of 
which  are  cited  in  Bemheim's  paper  in  Virchow's  Arch.,  131,  274.  Sec  also  Paijkull, 
L  c,  and  Halliburton's  Text-book,  340;  Joachim,  1.  c. 

*  Arch.  gdn.  de  m6d.,  1886,  2,  cited  from  Maly 'a  Jahresber.,  16. 
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In  cachectic  conditioBS  or  a  hydrcBmic  condition  of  the  blood  the  fluic^ 
has  little  color,  is  milky,  opalescent,  water^^,  does  not  coagulate  spon- 
taneously, has  a  ver^'  low  specific  gravity,  1005-1010-1015,  and  is  nearh-^ 
free  from  form-elements.  The  ascitic  fluid  in  portal  stagnation,  or  gen-^ 
erally  in  venous  conj^estion  has  a  tow  si^eeifie  gravity  and  ordinarily  lesai 
than  20  p.m.  protcitl^  although  in  certain  cases  the  quantit}^  of  proteid. 
may  rise  to  35  jj.  iik  In  carcinomatous  peritonitis  it  may  have  a  cloudy, 
dirty-gray  appearance,  due  to  its  richness  in  form-elements  of  various  kinds*^ 
The  specific  gravity  is  then  higher,  the  quantity  of  solids  greater,  and  iH 
often  coagulates  spontaneously.  In  inflanmiatory  processes  it  is  straw-  or 
lemon-yellow  in  color,  somewhat  cloudy  or  reddish,  due  to  leucocytes  and 
red  blood-corpuscles,  and  from  great  richness  in  leucocytes  it  may  appear 
more  like  pus.  It  coagulates  spontaneously  and  may  be  relatively  richer  in, 
solids.  It  contains  regularly  30  p.  m.  or  more  proteid  (although  exceptions 
with  less  proteid  occur),  and  may  have  a  specific  gravity  of  1 .030  or  above,  i 
By  rupture  of  a  chylous  vessel  the  dropsical  fluid  may  be  rich  in  verT,'  finely  i 
emulsified  fat  (chylous  as(^ites).  In  such  cases  3.86-10.30  p.  m.  fat  has' 
been  found  in  the  dropsical  fluid  (Guinochet,  Hay  0?  and  even  17-43  p.  m, 
has  been  found  by  Minkowski. 

•As  first  shown  by  Gross,  an  ascitic  fluitl  may  have  a  chylous  appenrance 
without  the  presence  of  fat|  i.e.,  pseudochylous.  The  reason  for  the  chylous 
properties  of  a  transudate  is  not  known,  although  numerous  investigators 
such  as  Gross,  Berxert,  MnssE,  Strauss  -  studied  the  subject:  .several 
observations,  however,  seem  to  show  that  it  is  connectetl  with  the  amount  of 
lecithin  containeti  therein. 

By  admixture  of  ascitic  fluid  with  the  fluid  from  an  ovarian  ryst  the 
former  may  sometiuic^s  ctmtain  pseudomucin  (see  Chapter  XIII).  There, 
also  are  cases  in  which  the  ascitic  fluid  contains  mucoids  which  may  be  pre- 
cipitated by  alcohol  after  removal  of  the  proteids  by  coagulation  at  boiling 
temperature.  Such  mucoids,  which  yield  a  reihicing  substance  on  boil- 
ing with  acids,  have  been  found  liy  Hammarsten  in  tuberculous  peri- 
tonitis and  in  cirrhosis  hepatis  syphiUtica  in  men.  According  to  the 
investigatioas  of  Paukull  these  substances  seem  to  occur  often  antl  perhaps* 
habitually  in  the  ascitic  fluids. 

As  the  quantity  of  proteid  in  ascitic  fluids  is  dependent  upon  the  same 
circumstances  m  in  other  transudates  and  exudates,  it  is  sufficient  to  give 
the  following  example  of  the  compo-itioo,  taken  from  Berxheim'sj' 
treatise,    The  results  are  expressed  in  1000  parts  of  the  fluid : 


*  Guinochet,  s^  Strauss,  Arck  de  Physiol.,  IB,     See  Maly*s  Jaliresber.,  10,  475, 
•Gross,  Arck  f.  exp.  Path.  vi.  Pharm,,  44;    Bemert,  ibid,,  49;    Mosse,  Leyden's 

Festschrift,  19<U ;  Htraiisd,  cited  in  Biochem.  Centralbl,  1.  437. 

*  L.  c.     As  it  vfim  iinpossible  to  derive  mRan  figures  from  thoae  given  by  Bemheira^ 
the  author  ha^s  gntm  the  ma-vimum  and  minimum  of  the  averages  given  by  him. 
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Max.  Min.  Mean. 

Cirrhosis  of  the  liver 34.5  5.6  9.69 — ^21.06 

Bright 's  disease 16.11  10.10  5.6—10.36 

Tuberculous  and  idiopathic  peritonitis.  .  .   55.8  18.72  30.7  — ^37.95 

Carcinomatous  peritonitis 54.20  27.00  35. 1  —58.96 

Jo.\CHiM  found  the  highest  relative  globulin  amounts  and  lowest  albumin 
results  in  cirrhosis;  in  carcinoma  on  the  contrary  the  lowest  globulin  and  the 
highest  albumin.  The  values  in  cardiac  stagnation  stand  between  the  cirrhosis 
and  carcinoma. 

Urea  has  also  been  found  in  ascitic  fluids,  sometimes  only  as  traces,  some- 
times in  larger  quantities  (4  p.  m.  in  albuminuria),  also  uric  acid,  allantoin  in 
cirrhosis  of  the  liver  (Moscatelli),  xanthine,  creatine,  cholesterin,  sugar,  diastatic 
and  proUdytic  emtpnes,  and  according  to  Hamburger  ^  also  a  lipase. 

Hydrocele  and  Spermatocele  Fluids.  These  fluids  essentially  differ 
from  each  other  in  various  ways.  The  hydrocele  fluids  are  generally  colored 
fight  or  dark  yellow,  sometimes  brownish  with  a  shade  of  green.  They 
have  a  relatively  higher  specific  gravity,  1.016-1.026,  with  a  variable  but 
generally  higher  amount  of  solids,  an  average  of  60  p.  m.  They  sometimes 
coagulate  spontaneously,  sometimes  only  after  the  addition  of  fibrin  ferment 
or  blood.  They  contain  lexicocytes  as  chief  form-elements.  Sometimes 
they  contain  smaller  or  larger  amounts  of  cholesterin  crystals. 

The  spermatocele  fluids,  on  the  contrary,  are  as  a  rule  colorle&s,  thin, 
cloudy  like  water  mixed  with  milk.  They  sometimes  have  an  acid  reaction. 
They  have  a  lower  specific  gravity,  1.006-1.010,  a  lower  amount  of  solids — 
an  average  of  about  13  p.  m. — ^and  do  not  coagulate  either  spontaneously 
or  after  the  addition  of  blood.  They  are,  as  a  rule,  poor  in  proteid  and 
contain  spermatozoa,  cell-detritus,  and  Jat-globules  as  form-constituents.  To 
5how  the  unequal  composition  of  these  two  kinds  of  fluids  we  will  give  the 
average  results  (calculated  in  parts  per  1000  parts  of  the  fluid)  of  17  anal- 
yses of  hydrocele  fluids  and  4  of  spermatocele  fluids  made  by  H.^imarsten.^ 

Hydrocele.  Spermatocele. 

Water 938.85  Q80.83 

Solids 01 .  15  13 .  17 

Fibrin 0.59           

Globulin 13.25  0.59 

Seralbumin 35.94  1 .82 

Ether  extractive  bodies 4  .  02  ) 

Soluble  salts 8.G0  ^  10.76 

Insoluble  salts 0 .  66 ) 

In  the  hydrocele  fluid  traces  of  vrca  and  a  reducing  substance  have  been 
found,  and  in  a  few  cases  also  ^succinic  acid  and  inosite.  A  hydrocele  fluid  may, 
according  to  Devillard,^  sometinnes  contain  paralbumin  or  metalbumin  (?). 
Cases  of  chylous  hydrocele  are  also  known. 

Cerebrospinal  Fluid.  The  cerebrospinal  fluid  is  thin,  water-clear,  of 
low  specific  gravity,  1.007-1.008.     The  spina  bifida  fluid  is  ver^^  poor  in 

'Arch.  f.  (Anat.  u.)  Physiol.,  1900,  433. 

'IJpsala  Liikaref.  Forh.,  14,  and  Maly's  Jahresber,,  8,  347. 

•Bull.  soc.  chim.,49.  017. 
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solids,  S-10  p.  m.,  with  only  0,19-L6  p*  m,  proteid.    The  fluid  of  chrcnic 
hydrocephalus  is  somewhat  richer  in  stilids  (13-19  p.  mO   and  prcteids. 
According  to  Halliburton    the  proteid   of  the   cerebrospinal  fluid  is  & 
mLxture  of  glohidin  and  proteose;  occasionally  some  peptone  occurs,  and 
more  rarely,   in   special   cases,   seralbumin   appears.     The   statements  of 
Halliburton  on  the  occurrence  of  proteose    do    not    coincide  with  ihe 
observations  of  other  investigators  (Panzer,  Salkowski  *)*     l^  general 
paralysis  where,  accor<ling  to  Hallidumton  and  ^Iott**  choline  and  poban- 
ous  products  from  the  brain  pass  into  the  fluid,  it  also  contains  nucleo- 
proteid.    De:ttro$i\  or  at  least  a  fermentable  sugar,  occurs  habitnally  in  the 
cerebrospinal  fluiil,  while  the  statements  of  HALLinuRTOX  as  to  the  occur- 
rence of  a  substance  similar  to  pyrocatechin  could  not  be  substantiated  W 
Nawratzki  ^  and  hence  this  substance  does  not  exist  in  all  cerebrospin^ 
fluids.     Urea  occurs  in  cerebrospinal  fluids  but  not  always.     The  variat*^^ 
relationship   between  potassium  and  sodium  *  is  probably  dne,  accordi^^ 
to  Salkowski,  to  the  absence  or  presence  of  fever  during  the  formati*^^ 
of  the  exudate;  tlie  amount  of  potassium  is  high  in  the  acute  cases  and  l*^'*** 
in  the  chronic  ones.    According  to  Ca\azzam,^  who  has  especially  studi^^  i 
the  cerebrospinal  fluids,  the  alkalinity  of  these  fluids  is  considerably  le^^l 
tlian  the  blood  and  Independent  of  this  last  fluid.     For  this  and  sever^ 
other    reasoJiis  Cavazzani  draws    the   conclusion  that    the    cerebrospinal 
Ouiil  is  formed  by  a  true  secretory  process. 

Aqueous  Humor,  This  fluid  is  clear,  alkahne  towards  htmus,  and  has 
a  siiecific  gravity  (jf  1.003-1.009.  The  amount  of  solids  is  on  an  average 
13  p.  riL  and  the  amount  of  proteids  only  0.8- L2  p.  m.  The  proteid  con- 
sists of  seralbiimin  and  giohidin  and  very  little  fibrinogen.  According  to 
Gruenhaukx  it  contains  ixirahittk  acid,  another  dextrog>Tate  substance, 
and  a  rahicing  body  which  is  not  similar  to  dextrose  or  dextrin.  Pautz' 
founrl  urea  anfl  siitjar  in  the  aqueous  humor  of  oxen. 

Blister-fluid.  The  content  of  blisters  caused  by  btu*ns,  and  of  vesicator 
blisters  and  the  blisters  of  the  pemphigus  chronlcus^  h  generally  a  fluid 
rich  in  solids  and  proteids  (40-65  p.m.).  Tliis  is  especially  true  of  the 
contents  of  vesicatory  blisters.  In  a  burn-blister  K.  Morner^  found  5CJ.31 
p,  riK  proteids,  among  which  were  13.59  p.  m,  globulin  and  OTl  p.  m.  fibrin. 
The  fluid  contauis  a  substance  which  reduces  copper  oxide  but  no  pjTO- 

*  Halliburton's  Text-book,  355-361;  Panzer,  Wicn,  klin.  Wocheaschr,,  1899;  Sal- 
kowski, Jaffe  Festschrift,  2t>5. 

'  Phil.  Truiisnct,  Roy.  Soc,  London,  Senoa  B,  191. 
■  Zeitschr,  f.  pliysioL  chem.,  23.     See  ako  Ronsi,  ibid.,  39  literature). 
VScje  Salkowskip  1.   c.     New  quant iUiti\'e  aJialy^ea  of  rerebrospiniil   and   hydro- 
cephalus fluids  may  be  found  in  the  cited  works  of  Xawratzki,  Panzer  and  Salkowski. 
*See  Maly'B  Jahresber.  22,  340.  and  Centralbl.  f.  I'hytsiul,  15>  216. 

•  Oni(mha£:*»n.  Pfiiiger's  Arch.,  43^   Pautz,  Zeitiichr.  f.  Biulogie,  31. 
'Skand.  Arch,  f,  Physiol. »  a. 
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catechin.  The  fluid  of  the  pemphigus  is  alkaline  in  reaction.  A  wound 
secretion  collected  by  Lieblein  *  under  aseptic  conditions  was  alkaline  in 
reaction  and  contained  less  proteid  than  the  blood-serum.  It  formed 
a  slight  fibrin  clot  and  only  contained  proteoses  at  first  or  at  the  beginning 
of  the  abscess  formation.  As  the  wound  healed  the  relationship  between 
the  globulin  and  albumin  changed,  and  on  the  third  day  of  the  healing 
the  quantity  of  albumin  was  at  least  nine  tenths  of  the  total  proteid. 

The  fluid  of  subcutaneous  oedema.  This  is,  as  a  rule,  very  poor  in 
solids,  purely  serous,  does  not  contain  fibrinogen,  and  has  a  specific  gravity 
of  1.005-1 .013.  The  quantity  of  proteids  is  in  most  cases  lower  than  10 
p. m.,— according  to  Hoffmann  1-8  p.m., — and  in  serious  affections  of 
the  kidneys,  generally  with  amyloid  degeneration,  less  than  1  p.  m.  has  been 
shown  (Hoffmann  ').  The  crdematous  fluid  also  habitually  contains  urea, 
1-2  p.  m.,  and  also  sugar. 

The  FLnn  of  the  tapeworm  cyst  is  related  to  the  transudates  and  poor  in 
proteids.  It  is  thin  and  colorless,  and  has  a  specific  gravity  of  1.005-1.015.  The 
quantity  of  solids  is  14-20  p.  m.  The  chemical  constituents  are  sugar  (2.5  p.  m.), 
inoxite,  traces  of  wrea,  creatine ^  succinic  acidy  and  salts  (8.3-9.7  p.  m.).  Proteids 
we  only  found  in  traces,  and  then  only  after  an  inflammatory  irritation.  In  the 
last-mentioned  case  7  p.  m.  proteids  have  been  found  in  the  fluid. 

The  Sjrnovial  Fluid  and  Fluid  in  Synovial  Cavities  around  Joints,  etc. 

The  synovia  is  hardly  a  transudate,  but  it  is  often  treated  as  an  appendix 

to  the  transudates. 
The  synovia  is  an  alkaline,  sticky,  fibrous,  yellowish  fluid  which  is 

cloudy,  from  the  presence  of  cell-nuclei  and  remains  of  destroyed  cells,  but 

is  also  sometimes  clear.  It  contains  also,  besides  proteids  and  salts,  a  sub- 
stance similar  to  mucin  in  physical  properties.  The  nature  of  this  mucin- 
like  constituent  cf  physiological  synovial  fluids  has  not  been  determined. 
Hammarsten  has  found  a  mucin-like  substance  in  pathological  synovial 
fluid,  but  it  was  not  true  mucin.  It  acts  like  a  nucleoalbumin  or  a  nucleo- 
proteid,  and  yielded  no  reducing  substance  when  boiled  with  acid.  Sal- 
KowsKi '  also  found  a  mucin-like  substance  in  a  pathological  synovial 
fluid,  which  was  neither  mucin  nor  nucleoalbumin.  He  called  the  sub- 
stance '^si/noinn.** 

The  composition  of  synovia  is  not  constant,  but  varies  in  rest  and  in 
motion.  In  the  last-mentioned  case  the  quantity  of  fluid  is  less,  but  the 
amount  of  the  mucin-like  body,  proteids,  and  of  the  extractive  bodies  is 
greater,  while  the  quantity  of  salts  is  diminished.  This  may  be  seen  from 
the  following  analyses  by  Frerichs.*    The  figures  represent  parts  per  1000. 

*  Habilitationsschrift  Prag.,  1902.     Printed  by  H.  Laupp,  Tubingen. 
'  Deutsch.  Arch.  f.  klin.  Med.,  44. 

'  Hammarsten,  Maly's  Jahrasber.,  12;  Salkowski,  Virchow's  Arch.,  131. 

*  Wagner's  Handworterbuch,  3,  Abth.  I,  4G3. 
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I.  Synovia  from        11.  Svn-ovift  from 
a  Blall  - f Pd  On .  a  FieM-feU  Ox. 

Water. 9fi9 .9  948.5 

Solids. 30, 1  51 .5 

Mucin-like  body.  . ,  2.4  5,6 

Albumin  and  extractivee.  .... 15,7  35. 1 

Fat 0.6  0,7 

Salta 11 .3  99 

The  synovia  of  new-bom  babes  corr^ponds  to  that  of  resting  animals. 
The  fluid  of  the  biin^se  mucosa?,  as  also  the  fluid  in  the  synovial  cavities  j 
around  joints,  etc.,  is  similar  to  synovia  from  a  quaHtative  standpoint. 

III.    Pus. 

Pus  is  a  yellowish-gray  or  yellowish-green,  creamy  mass  of  a  faint  odor 
and  an  unsavory%  sweetish  ta^te.  It  consists  of  a  fluid,  the  pus-serum ^  in 
which  solid  particles,  the  pus-cellSf  swim.  The  iiuml:>er  of  these  cells  varies 
80  considerably  that  the  pus  may  at  one  time  be  thin  and  at  another  time 
80  thick  that  it  scarcely  contains  a  drop  of  sennn.  The  specific  gravity, 
therefore,  may  also  greatly  var>%  namely,  between  1.020  and  1.040^  but 
ortUnarily  it  Is  1.031-L033.  The  reactifm  of  fresh  pus  Is  generally  alkaline, 
but  it  may  liecome  neutral  or  acid  from  a  decomposition  in  which  fatty 
acids,  glycerophosphoric  acid,  and  also  lactic  acid  are  formed.  It  may 
become  strongly  alkaline  when  putrefaction  occurs  with  the  formation  of 
ammonia* 

In  the  chemical  investigation  of  pus,  the  pus-serum  and  the  pus-corpus- 
cles  must  be  studied  separately. 

Pus-serum.  Pus  d<jcs  not  coagulate  spontaneously  nor  after  the  addi- 
tion of  defihrinated  blood.  The  lluid  in  which  the  pus-corpuscles  are  sus- 
pended is  not  to  be  compared  with  the  Ijlood-plasnia,  but  rather  with  the 
serum.  The  pus-senim  Ls  pale  yellow,  yellowish-green,  or  brown Lsh-yellow^ 
and  has  an  alkaline  reaction  towards  litmus.  It  contains,  for  the  mi>st  part, 
the  same  constituents  as  the  blood-senim;  but  sometimes  besides  these — 
w*hen,  for  instance,  the  pus  has  remained  in  the  body  for  a  long  time — it 
contains  a  nucleoalbumin  or  a  nuclenproteid  which  is  precipitateil  by  acetic 
acid  and  soluble  with  great  difficulty  in  an  excess  of  the  acid  (pyin  of  the 
older  authors).  This  nucle<:)albumin  seems  to  be  formed  from  the  hyaline 
substance  of  the  pus-cells  by  maceration.  The  pus-serum  contains,  more- 
over, at  lea;st  in  many  cases,  no  fibrin  ferment.  According  to  the  ana]}^es 
of  IIoppe-Seyler  '  the  pus-serum  contains  in  1000  parts: 


Water 913.7 

Solid* 86 , 3 

Proteida 63.23 

L<H?ithin,  .  , 1 .  50 

Fat 0.26 

Cholesterin 0 .53 

Alcohol  extractives. 1 ,  52 

Water  extrax?ti vea 11.^ 

Inorganic  salts 7.73 


n 

905.65 
94.35 

77.21 
0.56 
0  29 
0  87 
0.73 
6,92 
7-77 
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The  ash  of  pus-serum  has  the  following  composition,  calculated  to  1000  parts 
of  the  serum: 

I.  II. 

NaQ 5.22  5.39 

Na^, 0.40  0.31 

Na,HPO, 0.98  0.46 

Na,(X)^ 0.49  1.13 

Ca,(PO,),. 0.49  0.31 

MfeCPO,), 0.19  0.12 

PO^  (in  excees) 0.05 

The  pus-corpuscles  are  generally  thought  to  consist  in  great  part  of 
emigrated  white  blood-corpuscles,  and  their  chemical  properties  have 
therefore  been  given  in  discussing  these.  We  consider  the  molecular  gran- 
ules, fa^lobules,  and  red  blood-corpuscles  rather  as  casual  form-elements. 

The  pus-cells  may  be  separated  from  the  scrum  by  centrifugal  force,  or 
by  (lecantation  directly  or  after  dilution  with  a  solution  of  sodium  sulphate 
in  water  (1  vol.  saturated  sodium-sulphate  solution  and  9  vols,  water),  and 
then  washed  by  this  same  solution  in  the  same  manner  as  the  blood-cor- 


The  chief  constituents  of  the  pus-corpuscles  are  proteids  of  which 
the  lai^est  proportion  seems  to  be  a  nucleoproteid  which  is  insoluble  in 
^ater  and  which  expands  into  a  tough,  slimy  mass  when  treated  with  a  10 
JH^r  cent  common  salt  solution.     This  proteid  substance,  which  is  soluble  in 
alkali  but  is  quickly  changed  thereby,  is  called  Rovida's  hyaline  substance^ 
and  the  property  of  the  pus  of  being  converted  into  a  slime-like  mass  by  a 
'^lution  of  conmion  salt  depends  on  this  substance.    Besides  this  substance 
the  pui^-celh  contain  also  a  ghhvlin  which  coagulates  at  48-49°  C,  as  well 
as  serr/IobuUn  (?),  seralbumin,  a  substance  similar  to  coagulated  proteid 
(Miescher),  and  lastly  peptone  or  proteose  (Hofmeister  *).     It  Ls  very 
remarkable  that  no  nucleohiston  or  histon  has  been  detected  in  the  pus- 
cells. 

There  Ls  also  found  in  the  protoplasm  of  the  pus-cells,  besides  the  pro- 
teids, lecithin^  choUsterin,  xanthine  bodies,  /a/,  and  soaps.  Hoppe-Seyler  has 
found  cerebrin,  a  decomposition  product  of  a  protagon-like  substance,  in 
pus  (see  Chapter  XII).  Kossel  and  Freytag  ^  have  isolated  from  pus  two 
.su>)Stances,  pyosin  and  pyogeniny  which  belong  to  the  cerebrin  group  (see 
Chapter  XII).  Hoppe-Seyler  '  claims  that  glycogen  appears  only  in  the 
living,  contractile  white  blood-cells  and  not  in  the  dead  pus-corpuscles. 
Several  other -investigators  have  nevertheless  found  glycogen  in  pus.  The 
cell-nucleus  contains  nuclein  and  nucleoproteids. 

In  regard  to  the    occurrence  of  cnz^/rws  in  the  pus-cells    it   must  be 

*  Miescher  in  Hoppe-Seyler 's  Med.-chem.  Unterauch.,  441;  Hofmeister,  Zeitschr.  f. 
physiol.  Chem.,  4. 
'» /bid,  17,  452. 
'  Hoppe-Seyler,  Physiol.  Chem.,  790. 
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remarked  that  neither  thrombin  nor  prothrombin  are  found  therein,  although 
these  bodies  are  generally  considered  as  being  derived  from  the  leucoc}rtcs 
and  can  also  be  obtained  from  the  thymus  leucocytes.  The  occurrerxce 
in  the  pus-celLs  also  of  a  proteolytic  enzyme  is  of  great  interest.  It  is 
not  only  important  for  the  intracellular  digestion  and  for  the  amount  cf 
proteoses  in  the  pus-cell,  but  also  for  the  solution  of  the  fibrin  clot  and 
pneumonic  infiltrations  (F.  Mijller,  0.  Simon  *). 

The  mineral  constituents  of  the  pus-corpuscles  are  potassium,  sodiurn, 
calcium,  magnesium,  and  iron.  A  part  of  the  alkalies  exists  as  chlorides, 
and  the  remainder,  as  well  as  the  chief  part  of  the  other  bases,  exists  as 
phosphates. 

The  quantitative  composition  of  the  puii-cells  from  the  analyses  of 
Hoppe-Seyler  is  as  follows,  in  parts  per  1000  of  the  dried  substance: 

I.  II. 

Protcids 137.62 ) 

Nuclein 342.57,^  685.85        673.69 

Insoluble  bodies 205.66 ) 

Lecithin )  ^  ,„  q«  75.64 

Fat f  ^^^-^  75.00 

Cholesterin 74.00  72.83 

Cerebrin 51 .  99  )  mo  ci 

Extractive  bodies 44.33  f  iuz.»4 

MINERAL  SUBSTANCKS  1  ;  1000  PARTS  OF  THE  DRIED  SUBSTANCE. 

NaCn 4 .  35 

Ca,(PO,), 2.05 

Mg,(PO,), 1.13 

FePO, 1 .06 

PO, 9.16 

Na 0.68 

K Traces  (?) 

^IiESCHER  has  obtained  other  results  for  the  alkali  combinations,  namely, 
|x)tassium  phosj)hate  12,  sodium  phosphate  0.1,  earthy  phosphate  and  iron  phos- 
phate 4.2,  sodium  chloride  1.4,  and  phosphoric  acid  combined  with  organic  sub- 
stances 3.14-2.03  p.  m. 

In  pus  from  congested  abscesses  which  have  stagnated  for  some  time 
occurs  peptone  (proteose),  leucine  and  tyrosin,  free  jatty  acids,  and  volatile 
fatly  acids,  such  as  formic  acid,  butyric  acid,  valerianic  acid.  There  are 
also  found  chondrin  (?)  and  (/liUin  (?),  urm,  dextrose  (in  diabetes),  bilc- 
pijgmenis  and  bile-acids  (in  catarrhal  icterus). 

As  more  specific  but  not  constant  constituents  of  the  pus  must  be  men- 
tioned the  following:  pyin,  which  seems  to  be  a  nucleoproteid- precipitable 
by  acetic  acid,  and  also  pyinic  acid  and  chhrrhodinic  acid,  which  have  been 
so  little  studied  that  they  cannot  be  more  fully  treated  here. 

In  many  cases  a  blue,  more  rarely  a  green,  color  has  been  observed  in 
the  pus.     This  depends  on  the  presence  of  micro-organisms  (Bacillus  pyo- 

*  Fr.  Miiller,  Verhandl.  Nat.  Gesellsch.  zu  Basel,  1901 ;  O.  Simon,  Deutsch.  Arch. 
f.  klin.  Med.,  70. 
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cfjnneus).  From  such  pus  Fordos  and  Lucke  *  have  isolated  a  cr^'stalline 
blue  pigment,  pyonjamn^  and  a  yellow  pigment,  'pyoxanthose^  which  is  pro- 
duced from  the  first  by  oxidation. 

Appen<lix. 
LYMPHATIC   GLANDS.   SPLEEN,   ETC. 

The  Lymphatic  Glands.  The  cells  of  the  lymphatic  glands  are  found  to 
contain  the  protein  substances  occurring  generally  in  cells  (Chapter  V, 
pa^es  lis  and  119).  According  to  Bang  '  they  also  contain  histnn  minleates 
{nucIeMsion)^  but  in  smaller  amounts  and  of  a  difTerent  variet}'  from  tlie 
better-studied  nncleohiston  from  the  1  hymns  gland.  I'roteoses  occur  as 
pro^luct.s  of  an  autolysis.  By  a  lengthy  autolysis  of  lyinpli-glands  Eeh  ' 
foimd  anmionia,  ty  rosin  *  leucin  (somewhat  less)»  thymin^  and  unieil  among 
the  cleavage  products.  Besides  the  other  ordinary  tissue  constituents,  such 
as  collagen,  reticulin,  elastin,  and  nuclein,  there  occurs  in  the  lymphatic  glands 
also  choiestmn,  fat,  tjlyajgcn,  sarcolaciic  acid,  xavtfmic  bodus,  and  Ictwin.  In 
the  inguinal  glands  of  an  old  woman  Oidtmanx  found  714,32  p.  m.  water, 
2S4.5  p.  m.  organic  and  lJ6p,  ni,  inorganic  substances.  In  the  cells  of 
the  raesenteral  lymphatic  glands  of  oxen  Bang  *  found  804.1  p.m.  wat^r, 
195.9  p.  m.  solids,  137,8  total  proteins,  6.7  p.  m.  histon  nucleate,  10.6 
p.  m»  nucleoproteid,  47.6  p.  m,  bodies  soluble  in  alcohol,  and  10.5  p.  m. 
mineral  constituent.-^* 

The  Thyrnus.  The  cells  of  this  gland  are  very  rich  in  nuclein  bodies 
and  relatively  poor  in  the  ordinar}^  proteids,  but  their  nature  has  not  l>een 
closely  studied.  The  cluef  interest  is  attached  to  the  nuclein  snbstances. 
KossEL  and  Lilienfeld  first  prepared  from  the  water}^  extract  of  the 
gland,  by  precijiitating  with  acetic  aci<]  and  then  further  purify itig,  a  protein 
substance  which  has  been  generally  ealle^l  nmitohiaUm,  By  the  action 
of  dilute  hydrochloric  acid  upon  nucleohiston  it  spUts  accordiiig  to  th^e 
investigators  into  histon  and  teuconuclein.  The  leuconnclein  is  a  true 
nuclein;  hence  it  is  a  nucleic  acid  com})i»und  with  protcid  which  is  relatively 
poor  in  proteid  and  rich  in  phosphonLs.  The  more  recent  investigations 
of  Bang,  ^L\lengreau  and  Huiskamp  ^  upon  nucleohiston  are  united 
that  this  nuclet^proteid  is  not  a  unit  substance  but  a  mixture  of  at  least 


'  Fordos,  Compt.  rend..  51  and  50;  Lucke,  Arch,  f.  klin.  Chirurg,,  3;  Boland,  Cen- 
tralbi.  f.  Bakt.  u.  Paraait.,  I,  25. 

*  Studier  over  Xudeoproteider     Kristiania,  1902. 

*  Hofmeiater'S  Beitrage,  3, 
*L.c. 

•Lilienfeld,  Zeitschr  f  physiol.  Chem.,  IH;  Kossd,  ibid,,  30  and  31;  Bang,  ibid., 
SO  and  SI-  See  also  Arch.  f.  Math,  og  Natun'idenskab.,  25,  Kristiaiua,  URJ2,  and 
Hofmeister's  Beitrage,  1  and  4;  Malengreau,  La  Cellule,  17  and  lU;  Huiskamp,  Zeit- 
Bchr,  I.  ph>*Btol  Chem.,  32,  34.  and  3». 
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two  bodies.  The  views  of  the  mentioned  investigators  differ  quite 
tia]ly  from  one  another  as  to  the  nature  of  these  bodies,  but  this  is  piirtly 
due  to  the  tUfTercnt  methods  used  by  them  and  partly  upon  the  ready 
changeability  of  the  substances  in  question » 

Besides  the  real  nucleohiston,  B-imeleoalbumin  of  Malexgreait,  Lilien- 
FELD  8  his  ton  eootaiiLS  a  second  nucleoproteid  which  Baxg  and  HuisiCiMP 
call  simple  nucleoproteid,  while  >L4Lengreau  liesignates  it  A-nucleoalbumiiL 
This  proteid,  which  only  contains  abont  1  per  cent  phosphorus  and  which 
is  possibly  identical  with  the  nucleoproteid  founri  by  Lilienfeld  in  the 
thymus  yields  a  nuclein,  but  no  nucleic  acid  on  cleavage.  As  second  cleavage 
product  it  yields,  according  to  Malengre.4.u»  the  A-histon,  which  can  be 
readily  precipitatcjil  by  magnesium  and  ammonium  sulphate  from  the 
ordinary*  B-histon  of  the  thymus  glantl.  The  occurrence  of  A-hist45ii  in 
the  gknd  ha.s  been  verifieil  by  Bang.  Acconling  to  Bang  and  HuisiLUtP 
the  nucletjproteid  does  not  yield  any  histon;  it  only  yields  an  albuminate 
(Bang). 

The  tnie  nucleohist^n,  which  is  much  richer  in  phosphorus  (the  calcium 
salt  containing^  according  to  Bang,  on  an  average  5.23  per  cent  P),  yidda 
ordinary  histon  as  a  cleavage  product,  according  to  the  unanimous  opinion 
of  the  above-meidionetl  inve^tigatoi-s.     According  to  Bang,  whose  stAte^ 
ments  on  this  point  have  been  substantiatal  by  Malengreau,  it  splits 
on  saturating  with  NaCl  into  nucleic  acid  and  histon  \^ithout  yielding  any 
other  pr<jteid.      On  this  account  Bang  does  not    consider  this  body  as 
nucltHihiston  in  the  orrlinary  sense,  i.e.,  not  as  a  nucleoproteid,  but  as  a 
liiston   nucleate.    The   nuclefdiiston  behaves   like    an   acid,   whose  salts, 
especially  the  calcium  salt,  has  been  closely  studied    by  Huiskamp.    On 
the  electrolysis  of  a  solution  of  nucleohiston  alkah  in  water  Hujskamp 
found  also  tliat  the   imcleohiston   collected  as  traces  at  the  anode,  and 
that  the  sodium  compound   is   therefore   ionized   in   the  solution.     The 
nucleic  acid-hiaton  calcium  combination  has  been  prepared,  it  seems,  in  a 
pure  state  by  Bang,  and   he  found  the   following    average   composition: 
C  43.69;   H  5.60;   xN  16.87;  S  0.47;   P  5.23;   Ca  1.71  per  cent.     Where  the 
A-histon  is  to  be  found,  if  it  is  not  contained.,  as  Malengreau    believes, 
in  the  nucleoproteids,  mast  be  further  investigated. 

The  nucleohiston  prepared  by  Huiskamp's  method  by  j>recipitating  with  CaCIj 
\^.  fierordinff  to  him,  a  mixture  of  two  iiucleohistoiLs.  of  which  one,  the  a-nucleo- 
histoii,  contains  4.5  jwr  cent  phosphorus  ant  I  the  otlit^r,  ,?-nucleohiston^  contains, 
on  the  eonlrary,  only  in  round  ouinbcrs,  3  jxtr  cejit  phoj^phorus.'  As  the  two 
niipJcohistons  arc  |XMircr  in  j)ho.H|)h«riLs  than  the  nucleic  acid-histon  compound 
rinah'zed  hy  Bancj.  rsnd  as  Hi^iskamp  on  cleavage  of  his  preparation  did  not,  like 
H\No  ami  Malenokeau,  obtain  pure  nucleic  acid,  it  is  still  a  question  whether 
111  LSKAMP  was  working  with  sufficiently  pure  substances. 

*  Zeitschr.  1  pbysioL  Chem.,  39. 
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In  regard  to  the  methods  used  by  the  above  investigators  in  the  isola- 
tion of  the  bodies  in  question  we  must  refer  to  the  original  publications. 

In  connection  with  the  so-called  nucleohiston  attention  must  be  called  to  tissue 
fhrinogm  and  cell  fibrinogen,  which  are  compound  proteids,  and  claimed  by  certain 
investigators  to  stand  in  close  relation  to  the  coagulation  of  the  blood.  These 
my  be  in  part  nucleoproteids  and  in  part  also  nucleohiston.^.  To  this  same  group 
belong  also  the  important  cell  constituents  described  by  Alex.  Schmidt^  and 
called  cytoglobin  and  pr&glohulin.  The  cytoglobulin,  which  is  soluble  in  water, 
may  be  considered  as  the  alkali  compound  of  prSglobulin.  The  residue  of  the 
celb  left  after  complete  extraction  with  alcohol,  water,  and  salt  solution  has  been 
[     called  qfiin  by  Alex.  Schmidt. 

Besides  the  above-mentioned  and  the  ordinary  bodies  belonging  to  the 
connective-tissue  group,  small  quantities  of  fatj  leucin^  succinic  acidy  lactic 
acid,  sugar,  and  traces  of  iodoihyrin  are  present.  According  to  Gautier  ^ 
amnio  also  occurs  in  very  small  amounts,  and  no  doubt  here  as  well  as  in 
other  organs  it  is  related  to  the  nuclcin  substances.  The  richness  in  nuclein 
bodies  explains  the  occurrence  of  large  quantities  of  jmrin  bases,  chiefly 
Adenine,  whose  quantity,  according  to  Kossel  and  Schindler,'  is  1.79  p.  m. 
in  the  fresh  organ  and  19.19  p.  m.  in  the  dry  substance.  The  bodies  ihymin 
and  uracil  (?)  obtained,  besides  lysin  and  ammonia  by  Kutscher,  as  prod- 
ucts of  autodigestion  of  the  gland,  probably  have  a  similar  origin,  although 
the  uracil  has  its  origin  from  histidin.  Lilienfeld  *  has  found  inosite  and 
protagon  in  the  cells  of  the  thymus.  The  quantitative  composition  of  the 
lymphocytes  of  the  thymus  of  a  calf  is,  according  to  Lilienfeld 's  analysis, 
^follows.    The  results  are  given  in  1000  parts  of  the  dried  substance. 

Proteids 17.6 

Leuconuclein 687 . 9 

Histon 86.7 

Lecithin 75 . 1 

Fat 40 . 2 

Cholesterin 44 . 0 

Glycogen 8.0 

The  dried  substance  of  the  leucocytes  amounted  to  an  average  of  114.9 
p.  m.  Potassium  and  phosphoric  acid  are  prominent  mineral  constituents. 
Lilienfeld  found  KHjPO^  amongst  the  bodies  soluble  in  alcohol. 

Attention  must  be  called  to  the  analyses  of  Bano,^  which  show  that  the 
thymus  contains  about  the  same  quantity  of  nucleoproteid,  but  about  five 
times  as  much  histon  nucleate  as  the  lymphatic  glands — calculated  in  both 
cases  upon  the  same  amount  of  dry'  substance.     Oidtmann  '  found  807.06 

'  See  foot-note  5,  page  118. 

*  Compt.  rend.,  129. 

*  Zeitschr.  f.  physiol.  Chem.,  13. 

*  Kutscher,  ibid.,  34;  Lilienfeld,  ibid.,  18. 
•L.  c.  Arch.  f.  Math.,  etc. 

•Cited  from  v.  Gorup-Besanez,  Lehrb.  d.  physiol.  Chem.,  4  Aufl.,  732. 
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p,  m.  water,  192.74  p.  m.  organic j  and  0.2  p.  m.  inoiganic  substances  in 
gland  of  a  child  two  weeks  old. 

The  Spleen.  The  pulp  of  the  spleen  cannot  be  freed  from  blood, 
mass  which  is  separated  from  the  spleen  capsule  and  the  structural 
by  pressure  and  which  {ordinarily  serves  as  material  for  chemical  investiga- 
tions is  therefore  a  mixture  uf  blood  and  spleen  constituents.  For  ihia 
reason  the  proteids  of  the  spleen  are  little  known.  As  characteristic  con- 
stituents there  are  aUnwu'tiGtes  cmitaming  iroti^  and  esp€K*ial]y  a  pictein 
substance  which  does  not  coagidate  on  boiling,  and  which  Is  precipitated 
by  acetic  acid  and  yields  an  ash  containing  much  phosphoric  acid  and  iron 
oxide.' 

The  pulp  of  the  spleen^  when  fresh,  has  an  alkaline  reaction,  but  quickly 
turns  acid,  due  partly  to  the  formation  of  free  paTolcuciic  acid  and  partly 
perhaps  to  ghjcerophosphonc  acid.  Besides  these  two  acids  there  liav^ 
been  found  in  the  spleen  also  wlaiik  fatii/  adds,  as  formic,  acetic,  and  butyric 
acids^  as  well  as  succinic  acid,  neiUral  fais,  cholesieriny  traces  of  Immn,  i?iosi(r 
(in  ox-spleen),  scylUtc,  a  body  related  to  inosite  (in  the  spleen  of  Plagiostoma), 
glycogen  (in  dog-spleen),  wric  odd,  xanihine  bodies^  and  jccoriii.  Leatine' 
has  found  in  the  spleen  a  gluc&tkionic  acid^  i.e.,  an  acid  which  is  related  to 
chondroitin-sulphnric  acid  but  not  identical  therewith,  and  which  gives  a 
beautiful  violet  coloration  with  orcin  and  hydrochloric  acid. 

Among  the  enzymes  occurring  in  the  spleen  the  most  important  is  the 
protettlytic  enzyme  first  detected  by  Hedix  and  Rowland,  and  also  occur- 
ring in  the  lymph-glands,  liver,  and  other  organs.  This  enzyme,  which  is 
most  active  in  acid  solutions,  not  only  acts  autolytically  upon  the  proteids 
of  the  spleen,  but  also  dissolves  fibrin.  According  to  the  more  recent 
inv^tigations  of  Hebin  ^  the  s]deen  always  contains  two  prot^ilytic 
enzymes,  of  which  one  (lieno-a-protease)  acts  chiefly  in  alkaline  solution,  I 
while  the  other  (lieno-/?-prry tease)  Is  only  active  in  acid  solution.  Tlie 
^-protease  goes  into  solution  on  extracting  the  spleen  with  0.2  per  cent 
acetic  acid,  while  the  a-protease  can  be  extracted  from  the  residue  by  a  5 
per  cent  NaCl  solution.  In  the  autolysis  of  the  spleen  Lt:ATHKs  found 
proteoses,  lysin,  arginin,  hlstidin,  leucin,  aniinovalerianic  acid,  aspartic 
acid,  and  trj^ptophan  among  the  cleavage  products.  Schumm  *  found,  in 
the  autolysis  of  a  leukemic  sjilecn,  besides  Icucinand  tyrosin  relatively  InxgB 
quantities  of  ammonia  and  lysin. 

Among  the  constituents  of  the  spleen  the  deponi  rich  in  iron,  w^hich 
consists  of  ferruginous  granules  or  conglomerate  masses  of  them  and  which  ara 


*  Cited  from  v.  Garup-Besanez,  Lehrb.  d.  physiol.  Chem. ,  4  Aufl.,  717. 

*  Levene,  Zeit^chr  f,  physbl  Chera,,  3". 

*  Joum.  of  Physiol.,  30. 

*Hedin  and  Rowland,  Zmt-schr.  f.  physiol.  Chcm.,  32;  Leathes,  Journ.  of  Physiol,, 
28;  Schumm,  Hofmeister's  Beitr^e,  3. 
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derived  from  a  transfonnation  of  the  red  blood-corpuscles,  and  closely 
studied  by  Nasse,  is  of  special  interest.  This  deposit  does  not  occur  to 
the  same  extent  in  the  spleen  of  all  animals.  It  is  found  especiaUy  abun- 
dant in  the  spleen  of  the  hors^.  Nasse  *  on  analyzing  the  grains  (from  the 
spleen  of  a  horse)  obtained  840-630  p.  m.  organic  and  160-370  p.  m.  inor- 
ganic substances.  These  last  consisted  of  566-726  p.  m.  FejO,,  205-388 
p.  m.  PjOj,  and  57  p.  m.  earths.  The  organic  substances  consisted  chiefly 
of  proteids  (660-800  p.  m.),  nuclein,  52  p.  m.  (maximum),  a  yellow  color- 
ing matter,  extractive  bodies,  fat,  cholesterin,  and  lecithin. 

In  regard  to  the  mineral  constituents  it  is  to  be  observed  that  the  amount 
of  sodium  and  phosphoric  acid  is  smaller  than  that  of  potassium  and  chlo- 
rine. The  amount  of  iron  in  new-bom  and  young  animals  is  small  (La- 
PiCQUE,  Kruger,  and  Pernou),  in  adults  more  appreciable,  and  in  old  ani- 
mals sometimes  ver>'  considerable.  Nasse  found  nearly  50  p.  m.  iron  in  the 
dried  pulp  of  the  spleen  of  an  old  horse.  Guillemonat  and  Lapicque  ^ 
have  determined  the  iron  in  man.  They  find  no  regular  increase  with 
growth,  but  in  most  cases  0.17-0.39  p.  m.  (after  subtracting  the  blood-iron) 
calculated  on  the  fresh  substance.  A  remarkably  high  amount  of  iron  is 
not  dependent  upon  old  age,  but  is  a  residue  from  chronic  diseases. 

The  quantitative  analyses  of  the  human  spleen  by  Oidtmann  '  give  the 
following  results:  In  men  he  found  750-694  p.  m.  water  and  250-306  p.  m. 
In  that  of  a  woman  he  found  774.8  p.  m.  water  and  225.2  p.  m. 
The  quantity  of  inorganic  bodies  was  in  men  4.9-7.4  p.  m.,  and  in 
^omen  9.5  p.  m. 

In  regard  to  the  pathological  processes  going  on  in  the  spleen  we  must 
specially  recall  the  abundant  re-formation  of  leucocytes  in  leucaemia  and 
the  appearance  of  amyloid  .^^ubstance  (sec  page  54). 

The  physiological  functions  of  the  spleen  are  little  known,  with  the 
exception  of  its  importance  in  the  formation  of  leucocytes.     Some  consider 
the  spleen  as  an  organ  for  the  dissolution  of  the  red  blood-corpuscles,  and 
the  occurrence  of  the  above-mentioned  deposit  rich  in  iron  so<»ms  to  con- 
firm this  view.    The  spleen  has  also  been  claimed  to  play  a  certain  part  in 
digestion.     This  organ  is   said  by  Schiff,  Herzkx,  (Iachkt  and  Pachon 
to  be  of   importance  in  the  production  of  tr^^isin  in  the  pancreas.      The 
investigations  of  Hkrzex  seem  to  confirm  this  relation,  although  it  is  still 
difficult  to  give  an  opinion  on  the  intricate  question  (see  also  IIkidexhain, 
Ewald  *) . 

»  Maly's  Jahresber.,  19,  315. 

'Lapicque,  ibid.f  20;  Lapicque  and  Guillemonat,  Compt.  rend,  do  Soc.  biol.,  48, 
and  Arch,  de  Physiol.  (5),  8;  Kruger  and  Pemou,  Zeitschr.  f.  Biologic,  27;  Nasse, 
cited  from  Hoppe-Seyler,  Phjsiol.  Chem.,  720. 

■Cited  from  v.  Gorup-Besanez,  Lehrbuch,  4  Aufl.,  719. 

*  Schiff,  cited  by  Herzen,  Piliigor's  Arch.,  30,  295  and  308,  and  Maly's  Jahresber., 
18;  Gachet  and  Pachon,  Arch,  de  Physiol.  (."\  10;   Iloideuhain  in  Herrmann's  Handb. 
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by  rrAf.y  iriv««r,urArrir*    *#*  Chaptuar  X'^•'    ir.  Iz:*»al  Jtyigagr-fA.  TriiZe  ihe 

wl'k^i  pr^A'.y^fA  an  «ffAiaiTftmftr*t  of  'iie  :?pla»ii-  "Hie?*?  i^Aiis  rr*^  %  ntber 
p*'/^iriv<^  pv^ii  nhan  ^.Iwre  »  a  ckrtc  r^lacwjoship  beT3ri?«i  "ie  -jcLctjc  arii 
tJ'*^  rorrfianir^n  of  uric  arirL  Tfca  reJativoahip  has  b»;«:  sr^Iiei  bv  H.>e5ac- 
Zfc'.r*x:,  ffc  iam  nhffxrTk  that  when  the  'spfc«:-p*:l;'  a::-!  b!»»i  -re  calves 
ar*:  aI>/'Wf?'l  v#  arrt  on  ea/^h  oth^r.  umi«'  certain  ct.'::'Lrl»>EL'»  aE»i  tf^ciperarure. 
iri  v^^  7»r#rt«v*  of  axr,  lanre  q^ianthie?  of  Tiric  acl»i  are  :'>iTij:ti.  Un-ier 
htYkf^  f-ffwlllkfTA  \tk  fjkjtsurn^i  from  the  «pl**cr-p';lp  only  xanthine  boiies 
with  v^rr/  >i*fU-  or  ri^>  nnt.  a/il.  Horbaczz^-ki  •  ha?  als?  ?b:wn  :hat  ihe 
tjr>5  a/'i/I  orijririat/«  from  the  nueleins  of  the  -plevr..  which  3.:el«i  urio  acid 
ar»/l  xanthine  \tfA\f^  a^rr/^rlinir  to  the  experimental  ci>n' iition:?.  A  o.>nnec- 
ti^/f*  U^-w^r^m  tFi/?  ■•y^U-eri  aril  firic-a^M  formation  U  <3  pnjyr'.  f  be  exi>eoted 
r^Ti  fWfo^Uil  of  the  larjre  qtiantirifs  of  nuclein  containel  in  thl^  .irean:  but 
that  the  ':^pUr0'U  ha-«  a  -y^-eial  rrrlation  to  the  nric-acM  formation  as  cv^m- 
par'-^l  t/f  oth^r  or^an-  rich  in  nuclein  ha-*  not  Ijeen  pnnei:.  nor  i<  it  prob- 
fth>'  ^-^-^r  r'hapt^-r  XV;. 

'I  h"  .-.f/l^r^-fi  haM  the  -arne  firof^erty  as  the  liver  of  retaining  foreign  Inxiies, 
nietal.<i  an/ 1  rrietalloi/l«i. 

The  Thyroid  Gland.  The  nature  of  the  rlifferent  protein  substances 
oecurrin^  in  the  thyroid  gland  has  not  l>een  sufficiently  stuilietl,  but  at 
pn''-»''fit.  thro'udi  th*'  rewarchffs  of  r>ftw.\LT).  there  are  kn'»wn  at  least  two 
iir»/li*-*'  whirh  art'  con-tituentr  of  the  s^wallfnl  sefTction  of  the  fflamls.  One 
iff  the-'-,  itHlothijTi'fHihfhulin,  U-havf*s  like  a  glr»bulin.  while  the  other  l^  a 
iiu'l*-'»f>rot<-id  (i^4'i^  ii\-¥i  rWiiuLAY  'j.  ITie  icKline  present  in  the  gland 
iK'curH  chiefly  in  \\u:  fir^t  UAy,  while  the  arsenic,  which  has  been  shown  to  be 
5  normal  cf»nMtitiient  l^y  Gautikk  and  Bkktkand,'  seems  to  be  relateil  to 
the  nuclein  HuliHtunces. 

A^-conliriK  to  Oswald  the  iodothyreoglobulin  only  occurs  in  those 
fdiinds  which  (•r)ntain  colloid,  while  the  colloid-fr(H>  glands,  the  parenchyma- 
|(»ii  |.'.oiln',  and  the  Klands  of  the  new-born  contain  thyreoglobulin  free 
frniii  indinr'.  The  thyreoglobulin  first  becomes  io(lizc<l  into  iodothyr(.M>- 
^'lolmlin  on  p/issiriK  from  the  follicle  c(»lls.  Besides  th(^e  mentioned  bcxlies 
l,in,n,  nint/nTir,  hifpnjarttfn'rir,  iiHlothyrin,  lactic  and  succinic  acids  occur 
in  ihe  ihyreoidra.    OinTMANX  *  found  in  the  thyroid  gland  of  an  old  woman 

t\  rhv  lol  .  r».  AI>MMrnlrnmK-JvorKanK«\  UOO;  Ewald,  Vcrhandl.  d.  physiol.  Gescllsch. 
In  iw.tim,  1S7S      Sim-  alio  ('lia|)tiT  IX. 

'  Motmt  .lifltr  f.  ('hem..  10.  and  Wirn.  Sitzungsher.  Math.  Nat.  Ivlasse,  100.  Ahth.  3. 

MInuil/i.v,  .Iniirn.  t>f  PhyMiol.,  U\;  Oswald,  Zoitschr.  f.  physiol.  Chem.,  32,  and 
M.mIi.mm    Crntrnll.l.,   1,  '2\\). 

'iUiHi'wr,  C.nnpt.  P'nd..  12t>.     Seo  also   //>/(/.,  130,  131,  134,  135;   Bertrand,  ibid,, 

131.  i:t:i 

*  h.  r..  7.TJ. 
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822.4  p.  m.  water,  176.6  p.  m.  organic  and  0.9  p.  m.  inorganic  substances. 
He  found  772.1  p.  m.  water,  223.5  p.  m.  organic  and  4.4  p.  m.  inorganic 
substances  in  an  infant  two  weeks  old. 

In  "struma  cystica"  Hoppe-Seyler  found  hardly  any  protcid  in  the  smaller 
glandular  vessels,  but  an  excess  of  mucin,  while  in  the  larger  he  found  a  great 
deal  of  proteid,  70-80  p.  m.*  C holes  erm  is  regularly  found  in  such  cysts,  some- 
times in  such  large  quantities  that  the  entire  contents  form  a  thick  mass  of  cho- 
ksterin  plates.  Crystals  of  calcium  oxalate  also  occur  frequently.  The  con  ten  t5 
of  the  struma  cysts  are  sometimes  of  a  brown  color  due  to  decomposed  coloring- 
matter,  methamoglohin  (and  hsematin?).  Bile-coloring  matters  have  also  been 
I  found  in  such  cysts.  (In  regard  to  the  paralbumins  and  colloids  which  have  been 
I  found  in  struma  cysts  and  colloid  degeneration,  see  Chapter  XIII.) 
I 

Those  substances  which  bear  a  close  relationship  to  the  functions  of 
the  gland  seem  to  be  of  special  interest. 

The  complete  extirpation,  as  also  the  pathological  destruction,  of  the 
th}Toid  gland  causes  great  disturbances,  ending  finally  in  death.     In  dogs, 
after  the  total  extirpation,  a  disturbance  of  the  nervous  and  muscular  sys- 
tems occurs,  such  as  trembling  and  convulsions,  and  death  generally  super- 
venes shortly  after,  most  often  during  such  an  attack.^    In  human  beings 
different  disturbances  appear,  such  as  nervous  symptoms,  diminished  intel- 
ligence, dr}Tiess  of  the  skin,  falling  out  of  the  hair,  and,  on  the  whole,  those 
symptoms  which  are  included  under  the  name  cachexia  thyreopriva,  and 
death  follows  gradually.    Among  these  symptoms  must  be  mentioned  the 
peculiar  slimy  infiltration  and  exuberance  of  the  connective  tissue  called 
ni}'X(Bdema.     It  has  been  proved  that  the  destructive  action  of  the  removal 
<^'f  the  thyroid  can  be  counteracted  by  the  artificial  introduction  of  extracts 
^f  the  thyroid  gland  into  the  body,  and  even  l)y  feeding  with  the  substance 
^f  the  gland.     On  the  other  hand,  it  has  been  observed  on  administering 
too  large  quantities  of  gland  substance  that  threatening  symptoms  and 
feurbances  occur  in  man  as  well  as  in  animals.     From  a  physic )logico- 
ohcmical  standpoint  the  abnormally  increased  destruction  of  body  proteid, 
occurring   on  continuous  feeding  with  thyroid  preparations,  is  of  the 
greatest  importance. 

From  this  it  follows  that  the  glands  contain  specifically  active  substances. 
It  is  impossible  for  the  present  to  state  anything  al)out  the  importance  of 
the  bases  found  by  certain  investigators,  such  as  S.  Frankkl,  Dkkchskl, 
and  Kocher;'  these  bodies  have  not  been  characterized  sufficiently.  It 
seems  positively  proven  that  the  specifically  active  substance  is,  in  greater 

»  Physiol.  Chem.,  721. 

'  The  divergent  statements  as  to  the  necessity  of  the  thyroid  gland  can  he  found  in 
H,  Munk,  Virchow's  Arch.,  160. 

•Frankd,  Wien.  med.  Blatter,  1895  and  1890;  Drechsel  and  Kocher,  CentralbL 
f.  Physiol.,  9,  705. 


^t^/r  y^u^M  iw*-c  H'^^/  »';*/^  )<//'^  *  «uw»id  Ujr^  :3L>:nfcii?*  :c  thaf  yjiiSLMioe  for  the 

kAv/;  irf  ^.  4aAy^j>y/*^  4^vtt/j  iiAAM  sjtaair  Lnv/I^Jifcr  Ll  t^t^t  bur  rwi.iih-  «oluble 
>A.  ^/.v«L  */v^  j/f^y'^j/i*^/-/!  «|^/j  by  tItMr  hddi^yA.  of  »vi.  The  lodothyriiiy 
>/A&/-i.  .'  >u^A  4»  Mi;A  ^^/iy,  1mm  *  vtirikbfe  or/bUrsit  of  iodine  &Dd  is  aot  a  protein 

'tkyfts^iK^sAmiln  wa^  hSttAitifA  by  Oswald  from  the  watery  extract  of 
Mf>-  i<^;^/;>f  (//  Uh\i  ir;iiiirai.iri/(  with  ammonium  sulphate.  It  has  the  proper- 
It/-?  t4  th*,  K^//l/<iliff.^  uri'l  with  th<;  exr;ifption  of  the  iodine  content  it  has 
ififtf^fi  ^„:  i'tiiitt'  nnit^Hfi-Mnu  aM  th<j  protei*J«.  The  amount  of  iodine  varies: 
//  M/  |/^  t  *rh\.  in  \i\\i>.,  O.MJ  \H'V  i'.i*x\i  in  oxen,  and  0.34  per  cent  in  man.  In 
'jti*kh^  ithUhkiU,  whow^  ^\M\i\H  contain  no  iodine,  the  thjTeoglobulin  is 
V^^\^^^  \itAi  'lhyr«'0|/lol)uliii  on  taking  up  ir)dinc  Ls  converted  into  iodo- 
lh/iM,//l/ihHliii  liy  liitrodiU'ln^  iodine  Halts  the  iodine  content  of  the 
i'/il'flliyMofiliilHiliii  run  hn  riiiM(»<l  hi  living  animals  and  thereby  also  the 
|«lr,.iiiJu|/)i'«l  urfivity  inrrtMiHed  (Ohwald).  The  amount  of  iodine  in  the 
l<liiiii|  )•>  iiiiirKiMllv  ilrpiMiclcnt.  upon  tlu*  food. 

Airiihllh^  (n  Ohw  ALh  iodothyrcogloluilin,  as  a  physiological  excitant 
«i|iHii  (hit  umvuiirt  hVMtfiu,  liMH  a  n»gulating  action  upon  metalx^lLsm. 
'I  hi  I  Hihiniiih  of  ihin  MrtiiHi,  nftcr  d(»strurtion  or  cxtirpaticm  of  the  gland, 
r\|iUih^«.  Hii'tM'thii^^  tt»  (Nwvi.n,  \\w  iujurituis  resultv^  produced  by  these 
i  h.iiiMri  upon  iho  ►i.IjuuI  Arcording  \o  \\\,v\\  the  thyn>id  gland  removes 
iu>ui  lh*»  hlood  a  po»MMi*»us  Uuly.  tiie  thiftrotoxalbumin.  ami  makes  it  non- 
tiMuiu>\i>  l«\  i.'iLihi;  up  uuliuo.     Wo  i*auuot  enter  further  into  this  and  other 

\\\^  Su)Uiut)U(il  CA|Ksule.  l*esulos  pi\>touls,  suK>itam*os  of  the  connective 
(i .  AW   \\u\  ..iU•^  I hviv  \vour  in  the  supraiviial  oapsulo  :  ':cv<.":. .  purin  leases. e:?pe- 


M  »  \    s       .1   *  ^  N.       ^4    »    vi  ?i>         >vV    *.>».•  '..W  -^    ■.-•v>  ,-i    '."»;■.'■    C  t^   .^*  1.1J,   ,-.'»M    ■.-     -*'*^«i 
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'ciafly  lairffcine  (Oker-Blom*),  relatively  considerable  lecithin  and  neurin, 
and  glycerophasjAoric  addy  which  are  probably  decomposition  products 
of  the  lecithin.  The  older  statements  on  the  occurrence  of  benzoic 
acid,  hippuric  acid,  and  bile-acids  are,  on  the  contrary,  doubtful  and  are 
not  substantiated  by  recent  investigations  (Stadelmann).  In  the  medulla 
older  investigators,  like  Vulpian  and  Arnold,  foimd  a  chromogen  which 
was  considered  to  be  connected  with  the  abnormal  pigmentation  of  the 
skin  in  Addison's  disease.  This  chromogen  which  is  transformed  by  air, 
light,  alkalies,  iodine,  and  other  bodies  into  a  red  pigment,  seems,  on  the 
contrary,  to  be  related  to  the  substance  of  the  gland  producing  an  increase 
in  the  blood-pressure. 

Adrenalin  (suprarenin,  epinephrin).  That  the  watery  extract  of  the 
suprarenal  capsule  has  a  blood-pressure-raising  action  was  shown  by  Oliver 
and  ScHAFER,  Cybulski  and  Szymonowicz.^  The  substance  which  is  here 
active  was  fofinerly  called  sphygmogenin,  but  has  recently  been  investi- 
gated by  several  experimenters,  especially  v.  Furth,  Abel,  Takamine,  and 
Aldrich,*  and  is  now  called  suprarenin  (v.  Furth),  epinephrin  (Abel), 
adrenalin  (Takamine).  Adrenalin  is  soluble  in  water,  precipitable  by 
ammonia  as  a  crystalline  body,  and  on  account  of  its  changeability  exact 
investigations  have  been  made  with  difficulty.  According  to  v.  Furth, 
Aldrich's  formula,  CgHijNO,,  is  correct.  It  is  a  cyclic  compound  which, 
according  to  v.  Furth,  contains  three  hydroxyl  groups  and  one  methylamine 
group  and  for  which  he  considers  the  formula  [(CH3)NC3H(OH)X^,H,(OH)3 
as  correct.  Adrenalin  yields  pyrrol  and  skatol  and  gives  protocatechuic 
^id  as  cleavage  product  with  alkali. 

Adrenalia  gives  an  emerald-green  reaction  with  ferric  chloride  in  acid 
solution  and  a  crimson  one  in  alkaline  solution.  It  reduces  Fehling's  solu- 
tion and  an  ammoniacal  silver  solution.  Epinephrin  (Abel)  is  precipitated 
by  several  alkaloid  reagents  and  gives  color  reactions  with  Mandelin's  alka- 
loid reagent  and  with  permanganate  and  sulphuric  acid.  On  this  point  the 
conditions  are  not  quite  clear.  According  to  Abel,  who  gives  the  formula 
CjjHijNOj  to  his  epinephrin,  the  cr>'stalline  substance  CjoHjjNOg  +  ^HjO 
(epinephrin  hydrate)  precipitated  by  ammonia,  which  corresponds  to  the 
adrenalin  of  the  other  investigators,  does  not  have  the  alkaloid  properties 

*  Oker-Blom,  Zeitschr.  f.  physiol.  Chem.,  28;  Stadelmann,  tbid.,  18,  which  also 
contains  the  literature  on  this  subject. 

*  Oliver  and  Schafer,  Proceed,  of  Physiol.  Soc.  London,  1895.  Further  literature 
on  the  function  of  the  suprarenal  capsule  may  be  found  in  Szymonowicz,  Pfliiger's 
Arch.,  W. 

*  The  literature  here  necessary  may  be  found  in  v.  Fiirth,  Zeitschr.  f.  physiol.  Chem., 
23,  26,  29,  and  Wien.  Sitzungsber.  Math.  Nat.  Kl.,  112,  1903.  See  also  Abel,  Zeitschr. 
f.  physiol.  Chem.,  28;  Amer.  Joum.  of  Physiol.,  1899,  and  The  Johns  Hopkins  Hospi- 
tal BuD.,  Xo.  76  (1897),  90  and  91  (1898),  120  and  128  (1901),  131  and  132  (1902); 
Ber.  d.  d.  chem.  Gesellsch.,  36. 
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of  epinephrin,  but  the  compound  obtains  them  by  the  action  of  mine 
and  is  then  converted  into  epinephrin.  Further  investigation  is  n 
before  this  can  be  explained. 

The  glycosuria  first  observ'ed  by  Blum  after  the  injection  of  the 
of  the  suprarenal  capsule  is  due  to  an  action  of  the  adrenalin,  and  it  i 
possible  that  the  diastatic  enzyme  found  in  the  suprarenal  capsule  t 
TAN  ^  takes  any  part  in  this  change. 

*  Blum,  Pfluger's  Arch.,  90;  Croftan,  tbid,,  90. 


CHAPTER  Vm. 

THE  LIVER, 

The  liver,  which  is  the  lai^est  gland  of  the  body,  stands  in  close  rela- 
tionship to  the  blood-forming  glands.     The  importance  of  this  organ  for 
the  ph}^iological  composition  of  the  blood  is  evident  from  the  fact  that  the 
blood  coming  from  the  digestive  tract,  laden  with  absorbed  bodies,  must 
circulate  through  the  liver  before  it  is  driven  by  the  heart  through  the 
different  organs  and  tissues.     It  has  been  proved,  at  least  for  the  carbo- 
hydrates, that  an  assimilation  of  the  absorbed  nutritive  substances  which  are 
brought  to  the  liver  by  the  blood  of  the  portal  vein  takes  place  in  this  organ, 
and  there  is  no  doubt  that  synthetical  processes  also  occur.    The  occurrence 
of  synthetical  processes  in  the  liver  has  been  positively  proved  by  special 
obsen-ations.     It  is  possible  that  in  the  liver  certain  ammonia  combinations 
are  converted  into  urea  or  uric  acid  (in  birds)  (see  Chapter  XV),  while  certain 
products  of  putrefaction  in  the  intestine,  such  as  phenols,  may  be  con- 
^'orted  by  synthesis  into  ethereal  sulphuric  acids  by  the  liver  (Pflx:ger  and 
^^ocHs,  Embdex  and  Glaessner),  probably  also   converted  into  conju- 
S^ted  glucuronic  acids  (Embdex  *).     The  liver  has  also  the  property  of 
'^momg  and  retaining  heterogeneous  bodies  from  the  blood,  and  this  is 
^^>t  only  true  of  metallic  salts,  which  are  often  removed  by  this  organ,  but 
^ho,  as  ScHiB'F,  Lautenherger,  Jacques,  Heger,  and  especially  Roger 
'^ave  shown,  the  alkaloids  are  retained,  and  are  probably  also  partially 
decomposed  in  the  liver.     Toxins  are  also  withheld  by  the  liver,  and  hence 
this  organ  has  a  protective  action  against  poisons.'    The  researches  of 
l^oucHARD,  Roger  and  Mairet  and  Vires  ^  has  shown  that  the  liver  itself 
may  have  a  poisonous  action. 

Even  though  the  liver  is  of  assimilatory  importance  and  purifies  the 
blood  coming  from  the  digestive  tract,  it  is  at  the  same  time  a  seoretor>' 
oi^an  which  eliminates  a  specific  secretion,  the  bile,  in  the  production  of 

*  Pfliiger  and  Kochs,  Pfliiger's  Arch.,  20  and  24;  Embden  and  Glaessner,  llof- 
meister's  Beitrage,  1;  Embden,  ibid.,  2. 

'  Roger,  Action  du  foie  sur  les  poisons  (Paris,  1887),  which  also  contains  the  older 
literature;  Bouchard,  Lemons,  sur  les  autointoxications  dans  les  Maladies  (Paris,  1887); 
and  E.  Kotliar  in  Arch,  des  sciences  biologique  de  St.  Pdtersbourg,  2. 

■  See  Mairet  and  Vires,  Arch,  de  Physiol.  (5),  9. 
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which  the  red  blood-corpuscles  are  destroyed,  or  at  least  one  of  their  con- 
stituents, the  hiemoglobin.  It  is  generally  admitted  that  the  liver  acts 
contrariwise  during  foetal  life,  at  that  time  forming  the  red  blood-cor- 
puscles. 

There  is  no  doubt  that  the  chemical  operations  going  on  in  this  organ 
are  manifold  and  must  be  of  the  greatest  importance  for  the  organism;  but 
unfortunately  ver>"  little  is  knovtii  about  the  kind  and  extent  of  these  pn> 
cesses»  Our  knowledge  on  this  subject  has  been  essentiall}''  advanced  by 
the  recent  investigations  on  the  enzymes  of  the  liver,  as  well  as  by  the 
autolytic  processes  in  this  organ/  but  e\'en  here  it  must  be  admitted  that 
our  knowledge  of  the  character  and  extent  of  these  changes  Ls  sniall.  Among 
the  products  of  these  chemical  processes  there  are  two  which  are  especially 
imixtrtiint  anrl  must  Vje  treated  in  this  chapter,  namely^  the  glycogen  and 
the  bile,  liefore  the  study  of  these  products  is  taken  up  a  short  discus- 
sion of  the  constituents  and  the  chemical  composition  of  the  liver  is  neces- 
sary. 

The  reaction  of  the  liver-cells  is  alkaline  towards  litmus  during  life, 
but  become  acid  after  deaths  due  to  a  formation  of  lactic  acid,  chiefly 
fermentation  lactic  acid  and  other  organic  acids  (Morishima,  Magnus- 
Levy^).  A  coagulation  of  the  protopksmic  proteids  in  the  cells  probably 
takes  place.  A  positive  difference  betw^een  the  proteids  of  the  dead  and 
the  Ii\^ingp  nnn-c^oagulated  protoplasm  has  not  been  obsen^ed. 

The  proteids  of  the  liver  were  first  carefully  investigated  by  Plosz,  He 
found  in  the  water^-^  extract  of  the  liver  an  albuminous  substance  w^hich 
coagulates  at  45^  C,  also  a  glohuUn  which  coagulates  at  75°  C,  a 
nudeoalbumin  which  coagulates  at  70^  C,  and  lastly  a  proteid  body 
w^hich  is  nearly  related  to  the  coagulated  albumins  and  which  is  insoluble  in 
dilute  acids  or  alkalies  at  the  ordinary  temperature,  but  dissolves  on  the 
application  of  heat,  being  converted  into  an  albuminate.  Hallihurton* 
has  found  two  globulins  in  the  liver-celLs,  one  of  which  coagidates  at 
68-70^  C,  and  the  other  at  45-50'' C.  He  also  found,  besides  traces  of 
albumin,  a  nueleoproteid  which  possessed  1,45  per  cent  phosphorus  and  a 
coagulation-point  of  &PC.  Besides  these  proteids,  the  liver-celk  con- 
tain a  large  quantity  of  a  difficultly  soluble  protein  substance  (see  Pu3sz). 
It  also  contains,  as  first  shown  by  St.  Zaleski  and  then  substantiated  by 
several  other  investigators,  ferruginous  proteids  of  different  kinds.*  The 
chief  portion  of  the  protein  substances  in  the  liver  seems  to  consist  in  fact 


'  See  especially  the  works  of  Jacoby,  Zeitschr.  f.  physiol.  Chem.,  30;  Conradi^  Hof 
meister's  Bcitriige,  1;  Magnus-Levy,  ibid,,  2. 

'  Morishima,  Arch,  f,  exp.  Path.  u.  Phann.»  43;  Ma^us-Levy,  1.  c. 

*  Plosz,  Pflijger's  Arch,  7;   Halliburton,  Jourii.  of  Phvijiol,  13,  Supp!.,  1S02, 

*St,  Zaleski,  Zeitschr,  f.  physiol.  Chem.,  10,  -ISG;  Woltering,  ibid.,  21:  SpiUer 
Pfluger'a  Arch.,  C7. 
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of  ferruginous  nucleoproteids.    On  boiling  the  liver  with  water,  such  a 
nucleoproteid  or  perhaps  several  are  split,  and  a  solution  is  obtained  contain- 
ing a  nucleic-acid-rich  nucleoproteid  or  a  mixture  of  these  which  are  pre- 
cipitable  by  acids.    This  proteid  or  proteid  mixture  has  been  called  ferra" 
iin  by  ScHMiEDEBERG,*  and  this   yields  on  splitting  with  acids,  besides 
nuclein  bases,'  also  a  pentose  which  Wohlgemuth'  has  shown  to  be  1-xylose. 

The  yellow  or  brown  pigment  of  the  liver  has  been  little  studied.  Dastre 
and  Floresco  *  differentiate  in  vertebrates  and  certain  invertebrates  between  a 
ferruginous  pigment  soluble  in  water,  ferrine,  and  a  pigment  soluble  in  chloro- 
form and  insoluble  in  water,  chlorochrome.  They  have  not  isolated  these 
pipnents  in  a  pure  condition.  In  certain  invertebrates  chlorophyll  originating 
from  the  food  also  occurs  in  the  liver. 

The  fat  of  the  liver  occurs  partly  as  very  small  globules  and  partly 
(especially  in  nursing  children  and  sucking  animals,  as  also  after  food  rich 
in  fat)  as  rather  large  fat-drops.    The  occurrence  of  a  fatty  infiltration,  i.e., 

*  transportation  of  fat  to  the  liver,  may  not  only  be  produced  by  an  excess 

of  fat  in  the  food  (Noel-Paton),  but  also  by  a  migration  from  other  parts 

of  the  body  under  abnormal  conditions,  such  as  poisoning  with  phosphorus, 

phlorhizin,  and  certain  other  bodies  (Leo,  Rosenfeld,  and  others'*).     If 

the  amount  of  fat  in  the  liver  is  increased  by  an  infiltration,  the  water 

decreases  correspondingly,  while  the  quantity  of  the  other  solids  remains 

iittJe  changed.     Changes  of  such  a  kind  may  occur,  so  that,  because  of  the 

^*Pposition  (Rosenfeld)  existing  between  glycogen  and  fat,  a  liver  rich 

^^  fat  is  habitually  poor  in  glycogen.     The  reverse  occurs  after  feeding 

^*Uh  carbohydrate-rich  food,  namely,  the    liver  is  rich  in  glycogen  and 

P^^or  in  fat. 

The  composition  of  the  liver-fat  not  only  seems  to  vary  in  different 
Animals,  but  is  variable  with  changing  conditions.  Thus  Noel-Paton 
*^^'>Uii(l  that  the  liver-fat  in  man  and  several  animals  was  poorer  in  oleic  acid 
^nd  had  a  correspondingly  higher  melting-point  than  the  fat  from  the 
^Uljcutaneous  connective  tissue,  while  Rosenfeld  ®  has  observed  the  opposite 
Condition  on  feeding  dogs  with  mutton-fat. 

'Arch.  f.  exp.  Path.  u.  Pharm.,  33;  see  also  Vay,  Zeitschr.  f.  physiol.  Chem.,  20. 

'  See  Beccari,  Arch,  italiennes  de  Biologic,  38. 

'See  Salkowski,  Berl.  klin.  Wochenschr.,  1895;  Hammarsten,  Zeitschr.  f.  physiol. 
Chem.,  19;  Blumenthal,  Zeitschr.  f.  klin.  Med.,  34;  Wohlgemuth,  Berl.  klin.  Woch- 
enschr., 1900;  and  Zeitschr.  f.  physiol.  Chem.,  37. 

*Arch.  de  Physiol.  (5),  10. 

'  XoJ'l-Paton.  Journ.  of  Physiol.,  19;  Leo,  Zeitschr.  f.  physiol.  Chem.,  9;  Athan- 
asiu,  Pfluger*s  Arch.,  74;  Taylor,  Jouni.  of  Exp.  Med.,  4;  Kraus  u.  Sommer,  Hofmeis- 
ter's  lieitrage,  2;  Rosenfeld,  Zeitschr.  f.  klin.  Med.,  30.  See  also  Rosenfeld,  Ergelj- 
nisse  dcr  Physiologic,  1,  Abt.  I. 

*  Cited  by  Lummert,  Pfliiger's  Arch,,  71.  In  regard  to  the  liver-fat  of  children,  see 
Thiemich,  Zeitschr.  f.  physiol.  Chem.,  2r>. 
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Leciihin  is  a  normal  constituent  of  the  liver,  and  amounts  to  about  23,5 
p,  m.  atTonling  to  Nukl-Paton\^  In  stan^aiion  the  lecithin,  acconling  to 
Noel-Patox,  fonns  the  greatest  part  of  the  ethereal  extract,  while  with 
food  rich  in  fat  it,  on  the  contrar>%  forms  the  smallest  part.  Cholesierin 
tnily  occurs  in  nmall  quantities.  The  ethereal  extract  also  contains  a 
pnitiigon-like  body,  jccorin. 

Jecorin  was  first  found  by  DiiErHftp:!.  in  the  liver  of  horses,  mm\  also  in  tlio 
liver  of  a  dolphin,  and  iaUi^r  by  Baldi  in  the  liver  tmd  iiplcen  of  other  an i amis,  in 
the  musrle.s  and  bltKMl  of  the  hoi>te»  and  in  the  human  brain.  It  eont;tirL«  sul- 
phur luul  jihos^jhorns,  but  it:^  ecmstitution  is  not  positively  known.  Jerorin  tii?- 
soives  in  ether,  but  is  preeipitated  fri>ni  tins  solution  by  alcoliol.  It  redufcj^  copper 
oxide,  &nd  it  solidifies  after  boiling  with  itlkalies  to  a  pt'latinous  mass.  Mana^»e 
has  detected  dextrose  as  osazone  in  the  carbohydrate  complex  of  jer^orin.  H 
may  lead  to  errors  in  the  investifcnttons  of  organs  nr  tissue,s.  for  it  can  eai<ify  ^ 
mistaken  for  lecithin  on  account  of  itji  solubilitiea  and  because  it  eontwi^ 
phosfihorus. 

The  jitat^micnt  bvBixr, '  that  jernrin  is  a  combination  of  lecithin  and  dextr^^^ 
dcM\s  not  follow  from  the  analyses  of  jecxyrin  thus  far  known,     Jecorin  contaf*^* 
sulphur,  even  as  much  a>  2.7.S  [xjr  cent,  and  also  the  relation  of  P:N  in  Iccithia 
1:1^  while  in  jecorin  it  is  about  1:4. 
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Among  the  extractive  sitbstan4:es  lu?8ide.s  glycogen,  which  will  he  treate"^' 
later,  rather  large  (|Uan titles  of  the  infj thine  bodies  occur.       Kcisskl^  foun" 
in  IDUO  parts  uf  the  dried  substance  L97  p.  m.  guanine,  1.34  p,  m.  hjpc^^j 
xanthine,  and  1.21  p.  m.  xanthine.    Adenine  is  also  contained  in  the  liver.    I 
arldition  there  have  been  found  urea  and   urie  acid  (especially  in  hirds^  ^ 
and   indeed  iu  larger  rpiantities   than  in  the  blood,  paralariic  aciii,  kucinr^ 
atul  egstin.     In  pathological  cases  tnomtc  and  iyrosifi  ha^x•  been  detected-  I 
The  occurrence  o(  bile  eolorlng-niiilters  In  the  li\'ei-cell  luider  normal  con-* 
ditious  Ls  {loubtful;    l>ut  in  retention  of  the  bile  the  cells  may  absorb  the 
coloring-matter  and  become  colored  thereby. 

The  mineral  bodies  of  the  ]i\er  consist  of  pbosph<mc  arid,  potassium* 
sodium,  alkaline  earths,  ami  chlorine.  The  potassium  is  in  excess  of  the 
sodium.  Iron  is  a  regular  constituent  of  the  liver^  Init  it  occurb  in  very 
variable  amounts.  Bunoe  has  ftmnd  0,01-0,355  p.  m,  iron  in  the  blood- 
free  liver  of  young  cats  anil  dogs.  This  was  calculated  on  the  liver  sub- 
stance freshly  washed  with  a  1  per  cent  NaCI  solution.  Calculatcfl  on  10 
kilos  bodily  weight,  the  iron  in  the  liver  amoimte^d  to  3. 4-80 J  nig. 
Recent  determinations  of  the  quantity  of  iron  iu  the  liver  of  the  rabbit, 
dog,  hedgehog,  pig,  and  man  have  been  made  by  Guillemoxat  and  La- 
picQUE.     The  variation  was  great  in  human  beings.     In  men  the  quantity  of 


*  L.  c.     See  alBo  Hefter,  Arch.  f.  exp.  Path,  u.  Pharm.,  28. 

'Drechael,  Bcr  d.  aachs,  Gesellsch.  d.  Wissensch,,  1886,  41,  and  Zeitachr.  f,  Bicl- 
ogie,  33;  Baldi,  Du  Boi*-Reymond's  Arch,.  \SH7,  Suppl,  100;  Mana:3se,  Zeitschr  L 
physioi.  Cheni.,  20;  Bing,  Centralbl.  f.  Physiol,  12,  and  Skand.  Arch.  f.  Physiol,  % 

*  Zeitiichr.  f.  pliyaiol.  Chetii.,  8. 


IRON  IN  THE  LIVER,  243 

iron  in  the  blood-free  liver  (blood-pigment  subtracted  in  the  calculation) 
was  regularly  more,  and  in  women  less,  than  0.20  p.  m.  (calculated  on  the 
fresh  moist  organ).  Above  0.5  p.  m.  is  considered  as  pathological.  Accord- 
ing to  Bielfeld/  who  also  finds  a  greater  iron  content  in  men,  this  differ- 
enre  appears  only  after  the  first  20-25  years.  At  this  age  (20-25  years) 
the  iron  content  b  smallest. 

The  quantity  of  iron  in  the  liver  can  be  increased  by  drugs  containing 
imn.  as  also  by  inoiganic  iron  salts,  and  the  largest  deposition  of  iron  was 
obsen^ed  by  Novi  ^  after  the  hypodermic  injection  of  iron.  The  quantity 
of  iron  may  also  be  increased  by  an  abundant  destruction  of  red  blood- 
corpuscles,  which  will  result  f.om  the  injection  of  dissolved  haemoglobin  in 
which  process  the  iron  combinations  derived  from  the  blood-pigments  in 
other  Cleans,  such  as  the  spleen  and  marrow,  also  seem  to  take  part.'  A 
destruction  of  blood-pigments,  wdth  a  splitting  off  of  combinations  rich 
in  iron,  seems  to  take  place  in  the  liver  in  the  formation  of  the  bile- 
pigments.  Even  in  invertebrates,  which  have  no  haemoglobin,  the  so- 
called  liver  is  rich  in  iron,  from  which  Dastre  and  Floresco  *  conclude 
that  the  quantity  of  iron  in  the  liver  of  invertebrates  is  entirely  inde- 
pendent of  the  decomposition  of  the  blood-pigment,  and  in  vertebrates 
it  is  in  part  so.  According  to  these  authors  the  liver  has,  on  account  of 
the  quantity  of  iron,  a  spe'^ially  important  oxidizing  function,  which  they 
call  the  ^^  jonciion  martiale''  of  the  liver. 

The  richness  of  the  liver  of  new-bom  animals  in  iron  is  of  special  inter- 
est; a  condition  which  follows  from  the  analyses  of  St.  Zaleski,  but  was 
especially  studied  by  Kruger,  Meyer,  and  Pernou.      In  oxen  and  cows 
they  found  0.246-0.276  p.  m.  iron  (calculated  on  the  dry  substance),  and  in 
the  cow-fcetus  about  ten  times  as  much.     The  liver-cells  of  a  calf  a  week 
old  contain  about  seven  times  as  much  iron  as  the  adult  animal;    the 
quantity  sinks  in  the  first  four  weeks  of  life,  when  it  reaches  about  the 
sa::e    amount    as    in    the    adult.      Lapicque''    has    also  found    that    in 
mbbits  the  quantity  of  iron  in  the  liver  steadily  diminishes  from  the  eighth 
day  to  three  months  after  birth,  namely,  from  10  to  0.4  p.  m.,  calculated 
on  the  dry  .«iubstance.     '^The  fcetal  liver-cells  bring  an  abundance  of  iron 
into  the  world  to  be  used  up,  within  a  certain  time,  for  a  purpose  not  well 
known.''     A  part  of  the  iron  exists  as  phosphate,  and  the  greater  part  in 
combination  in  the  ferruginous  protein  bodies  (St.  Zaleski). 

*  Bunge,  Zeitschr.  f.  physiol.  Chem.,  17,  78;  Guillemonat  and  I.apicque,  Compt. 
rend,  de  Soc.  bid.,  48,  and  Arch,  de  Physiol.  (5),  8;  Bielfeld,  Hofmeister's  Beitriige, 
2;   see  also  Schmey,  Zeitschr.  f.  physiol.  Chem.,  39. 

'  See  Centralbl.  d.  Physiol.,  16,  393. 

*  See  Lapicque,  Compt.  rend.,  124,  and  Schurig,  Arch.  f.  exp.  Path.  ii.  Pharm  ,  41. 

*  Arch,  de  Physiol.  (5),  10. 

*St.  Zaleski,  1.  c;  Kruger  and  collaborators,  Zeitschr.  f.  Biolofiie.  27;  Lapicque, 
Maly's  Jahresber.,  20. 
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KRr;GER '  hfts  AetemoDed  the  quantity  of  caleimii  in  the  Ever  of  adult- 
rattle  aivi  in  rahr^s,  aivi  finds  respectively  0.71  p.  m.  and  li23  p.  m.  of  the 
dried  ffubstanee.  In  the  fa;tU3  of  the  cow  it  is  lower  than  in  calves.  During 
pnegnanry  the  iron  and  calcium  in  the  foetus  are  antagonistic:  that  is.  an 
increase  in  the  quantity  of  calcium  in  the  liver  causes  a  diminution  in  the 
iron,  anrl  an  increaj<e  in  the  iron  caases  a  decrease  in  the  calciuni.  0>rper 
seems  tr#  be  a  phy«irik>gical  constituent,  and  occurs  to  a  considenLhle  extent 
in  cephalopoda  (Hlsze').  Foreign  metals,  such  as  lead,  zinc,  and  others 
(abo  iron;,  are  easily  taken  up  and  retaine^l  for  a  long  time  by  the  liver  and 
aeem  to  \fe  cr>mbined  with  the  nuclein  .substances  (Slowtzoff,  v,  Zeyx:-k*,k 

V.  BiBR.\^  found  in  the  liver  of  a  young  man  who  had  suddenly  died 
762  p.  m.  water  and  23%  p.  m.  s^ilids,  consisting  of  25  p.  m.  fat.  152  p.  m. 
prrjteid,  gelatine^forming  and  insoluble  substances,  and  61  p.  m.  extractive 
auhetances. 

fflycogen  and  its  FormatiQn. 

Glycogen  waa  dfecovered  by  Bernard.  It  Ls  a  carbohydrate  closely 
related  U>  the  starches  or  dextrias,  niith  the  general  formula  C^H^.O^.  per- 
haps 6rC\H,/V-^H/>  (KvLZ  and  Borxtrager).  The  largest  quantities 
are  found  in  the  Jiver,  and  smaller  quantities  in  the  muscles  'Bernard, 
Xa-sse;.  It  K  found  in  ver>'  small  quantities  in  nearly  all  tksues  of  the 
animal  Ix^ly.  Its  fKJCurrence  in  lymphoid  celL«.  blood,  and  pus  has  l)een 
mention^  in  a  previoiLs  chapter,  and  it  seems  to  be  a  regular  constituent 
of  all  cHLs  capable  of  rlevelopment.  Schoxdorff.*  who  has  detormineil 
the  maximum  amount  of  glycogen  in  the  dog  after  excessive  meat  and 
carlxjhydrate  diet,  found  7.59-37.87  granrLS  glycogen  per  kilo  of  the  animal. 
In  the  liver  he  found  1S6.0  p.  m.  glycogen  as  a  maximum.  For  100  grams 
liver-glycogen  he  found  76.17  to  39S  grams  of  other  bodies.  The  muscles 
containerl  7.2-37.2  p.  m.  glycogen.  Besides  the  glycogen  in  the  liver  and 
the  muHcUiS  he  also  found  appreciable  amounts  in  the  other  organs.  Gly- 
cogfTi  wa.«  first  .shr^wn  to  exist  in  embr^onie  tissues  by  r>ERXARD  and  KfHXE, 
and  it.  swras  r>n  the  whole  to  be  a  coiL^tituent  nf  such  tissues  in  which  a 
rai>id  re]l-fr)nnation  and  cell-develoi)ment  l<  taking  place.  It  Ls  also  pres- 
ent in  rapirlly  fonning  pathological  swellings  (IIoppe-Seyler).  Certain 
anirnaJH,  ha  certain   mu.*ssels  ri>izK)),  taenia   and  ascarides   (Weixland  •), 

»  Zfithfhr.  f.  l5iolo,.if;,  31. 

'  ZMt.Mrhr.  f.  phy-Tiol.  C'hcm.,  33. 

'  SlowlzolT,  IIofirH'i.st«;r'H  lifritriige,  1;   v.  Zeynek,  see  Ccntralbl.  f.  Physiol.,  15. 

*<4^:  V.  <'lonjf>-lV5<anoz,  Lohrbuch.  d.  phy  iol.  Chem.,  4.  Aufl.,  711. 

»rniJK*T*H  Arrh..lHl. 

•  Z**itH<!hr,  f.  Biologic,  41.  The  cxton.sive  literature  on  Glycogen  may  be  found  in 
F^.  I*flijKcr,rilycoK**n;  in  Pfiiij^er'rt  .\rch.,  1M»;  and  in  Crcmer,  Physiol.  d?s  Glycogens  in 
KrsjfbniHHc  d«;r  I'hy.siologie,  l,Abt.  I.  In  the  following  pages  we  shall  refer  to  these 
workM. 
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are  very  rich  in  glycogen.  Glycogen  also  occurs  in  the  vegetal)lc  kingdom, 
especially  in  many  fungi. 

The  quantity  of  glycogen  in  the  Hver,  as  also  in  the  muscles*  depends 
essentially  upon  the  food.  In  stanalion  it  ilisappears  nearly  completely 
after  a  short  time,  hut  more  rapidly  in  small  than  in  large  animals^  and 
it  disappears  earlier  from  the  liver  than  from  the  muscles.  After  par- 
taking of  food,  especially  such  that  is  rich  in  carbohydrates,  the  liver  he- 
comes  rich  again  in  glycogen,  the  greatest  increment  occurring  14  to  IS 
hours  after  eating  (KfLZ).  The  quantity  of  liver-glycogen  may  amount  to 
120-lGO  p.  m.  after  partaking  of  large  quantities  uf  carl nVhyd rates.  Ordi- 
narily it  is  considerably  less,  namely,  12-30  to  40  p.  ra.  According  to 
Cremer  the  quantity  fif  glycogen  in  plants  (yeast-cells)  Ls,  as  in  animals, 
dependent  upon  the  food.  According  to  him  the  yeasts-ells  crnitain  gly- 
cogen, which  disappears  from  the  cells  in  the  auto-fennentation  uf  the  yeasty 
but  reappears  on  the  introduction  of  the  cells  into  a  sugar  solution. 

The  quantity  of  glycogen  of  the  liver  (and  also  the  muscles)  is  also 
dependent  upon  rest  and  activity,  because  during  rest,  as  in  hibernation,  it 
increases,  and  during  work  it  tUminlshcs,  Ki  lz  has  shown  that  by  hard 
work  the  tiuantity  of  glycogen  in  the  liver  (of  dogs)  Is  retluced  t^j  a  mini- 
mum in  a  few  hours.  The  muscle-glycogen  does  not  diminish  to  the  same 
extent  as  the  liver-glycogen.  Kulz,  Zuntz  and  Vogelius,  Frextzel, 
and  others  have  Ijeen  able  to  render  raVibits  and  frogs  glycogen-free  by 
mutable  str\Thnine  poisoning.  The  same  result  is  produced  by  stan^a- 
tion  followeii  by  hard  work. 

Glycogen  forms  an  amorj>hous*  white,  tasteless,  and  inodorous  pow^der* 
;lt  fives  an  opalescent  solution  with  water  which,  when  allowed  to  evaporate 
on  the  water-hath.  foruLs  a  pelhcle  over  the  surface  that  disappears  again 
on  coolin;;.  The  solution  is  dextrogyrate,  (a)»  = -f  1*J5M33  (HurpKRT). 
The  specific  rotatory  power  Ls  given  somewhat  differently  by  various  inves- 
tigators. A  solution  of  glycogen,  especially  on  the  addition  of  NaCl,  is 
colore<i  wine-red  by  i<xline.  It  may  hold  cupric  hydrate  in  solution  in 
alkaline  liquids,  but  docs  not  reduce  it.  A  solution  of  glycogen  in  water  is 
not  precipitated  by  pt»ta88ium-mercuric  icRlide  and  hydrochloric  acid,  but  is 
precipitate^l  by  alcohol  (on  the  addition  uf  XaCl  when  necessary)  or  anmio* 
Wacal  basic  lead  acetate.  An  aciueous  solution  of  glycofren  made  alkaline 
^witli  caustic  potash  (15  per  cent  KOH)  is  completely  precipitated  by  an 
equal  volume  of  06  per  cent  alcohol.  Tannic  acid  also  precipitates  gly- 
Ogen.     It  gives  a  white  granular  precipitate  of  Ijenzoyl  glycogen  with 

Eoyl  chloride  and  caustic  soda.  Glycogen  is  completely  precipitated 
by  saturating  its  solution  at  ordinary*  temperatures  with  magnesium  or 
ammonium  sulphate.  It  is  not  precipitated  by  socJium  chloride  or  half 
saturation  with  ammonium  sulphate  (Nasse,  NELT^iEisTrn,  HALLrBUHTOx, 


THE  ITVBE. 


1 


Young*).  On  boiling  with  dilute  caustic  potash  (1-2  per  cent)  the  gly- 
cogen may  be  more  or  less  changed,  especially  if  it  has  been  previously 
exprKsed  to  the  action  i>f  acid  or  of  BftucKE  's  rea«;ent  (see  below)  (Pfluger). 
Ctn  boiling  vdih  stronger  caustic  potash  (even  of  36  per  cent)  it  is  not  injured 
(Pflvoer).  By  diii<itatic  enzymes  glyco;:en  is  converted  into  maltose 
or  dextrose,  depending  upon  the  iiatnre  of  the  enzyme.  It  is  trails-formed 
into  dextrose  by  dihite  mineral  acids.  According  to  Tebb,'  various  dex- 
trins  appear  as  int<?rme(liarA^  steps  in  the  saccharifi cation  of  glycogen, 
deperuliiLg  on  whether  the  hydrolysis  is  causcil  Ijy  mineral  acids  or  enzvmes. 
The  question  whether  the  gl3'cogen  from  various  animals  and  different 
organs  is  the  same  in  this  re'Zar<l  has  not  lieen  sufficiently  investigated. 
Nor  has  it  been  dceideii  whether  all  the  glycogen  in  the  liver  occurs  as 
such  or  whether  it  is  in  part  combined  with  proteid  (pFLUGER-NEJtKixG). 
According  toSf<:t:Gi:N'  a  nitrogenous  carbohydrate  occurs  in  the  liver  and 
tills  may,  according  to  him.  be  considered  perhaps  as  an  intermediary 
step  in  the  formation  of  carbohydrate  from  the  proteid. 

The  preparation  of  pure  glycogen  (simplest  from  the  liver)  is  generally 
performed  by  the  method  suggesteti  by  BuftKE,  of  which  the  main  points 
are  the  following:  Immediately  after  the  death  of  the  animal  the  liver  is 
thrown  into  b<jiling  water,  then  hnely  divided  ami  lu>tled  several  times  with 
fre^h  water.  1  he  filtered  extract  is  now  sulhciently  concentrated,  allowed 
tu  cuub  aiMl  the  luciteids  removeil  hy  alternately  adding  }>otas8iuni-n2ercuric 
iodide  and  hvilrocldoric  acid.  The  glycogen  is  prefipitat<^»d  from  the 
filtered  liquid  by  the  addition  of  alcohol  until  tlie  liquid  contains  tiU  vols, 
per  cent.  Hy  repeating  this  and  precipitathig  the  glycogen  several  times 
from  its  alkaline  and  acetic-acid  scjlution  it  is  purified  on  the  filter  by  wash- 
ing first  with  6()  per  cent  and  then  with  95  per  cent  alcohol,  then  treating 
with  ether  and  (Irving  over  sulphuric  acid.  It  is  always  contaminated 
with  mineral  subst^inces.  To  be  able  to  extract  the  glycogen  from  the 
liver  or,  especially,  from  muscles  and  other  tLssiies  completely,  which  is 
essential  in  a  quantitative  estimation,  these  parts  must  first  be  warmed 
for  tw<i  hours  with  stroTig  caustic  potash  (30  per  cent)  on  the  water-bath. 
As  the  glycogen  changes  in  this  purification,  according  to  Brvckk.  it  is 
better,  for  cjuantitative  determinations  of  glycogen,  to  precipitate  it  directly 
from  the  alkaline  solution  by  alcohol  (Pfluger  *). 

The  quantitative  estimation  is  best  performed  according  to  Pfluger's 
methml,  which  is  l>a.sed  tq>nn  the  following:  100  grams  of  the  finely  divided 
organ  and  100  c.  c,  of  (K)  per  cent  caustic-pottish  solution  are  heated  on  the 
water-bath  for  two  hours.  After  evaporating  the  water  t^i  400  c.  r.  it  is 
filters  I  through  glass  wool  and  the  glyi  ogen  ]>recij)itated  frf»m  100  c.  c. 
of  the  filtrate  by  100  c.  c.  of  96  per  cent  alcohol.     The  glycogen  is  washed 

*  Young,  Joum.  of  Physiol.,  22,  citing  the  other  mvestigators. 
'Joum.  of  Physiol,  22. 

•Ceatralbl.  f.  Phymol,  12  and  13. 

*  See  also  the  method  duggeated  by  Gatiiler,  Comp.  rend.,  12d, 
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on  the  filter  first  with  dflute  alkali  and  alcohol  and  then  with  alcohol  aJone. 

ll  Is  then   dissolved   in  water,  exactly  neutralized ^  treated  with  25  c.  c. 

^hydrochloric  acid  (1.19  sp.  gr.)  and  water  addeti  to  500  c,  c,  when  the  amount 
^  HCl  \vill  be  2/2  per  cent.  On  healing  for  three  hours  the  glycogen  uill 
ave  been  converted   int*>  dextrose,  whose  quantity  can  be  determined 

[acconling  to  Allihn-Pfluger 's  method  by  reduction  of  an  alkaline  copper 
Bolution  and  weighing  the  cuprous  oxide.     As  a  control  the  weighed  cuprous 

I  oxide  is  di^^solved  in  nitric  acid  and  the  copper  titrated  accord ing  tfj  Vou- 
^Kmh  ra?thod.  In  regard  to  the  detailetl  steps,  whir-h  must  be  exactly 
ob6er^'ed,  compare  PflLUjer'S  original  work.  Other  methods  of  esti- 
imting  iilycogen,  such  as  those  of  BftrcKi'>KcLz,  Pavy,  and  Austin,  are 
described  in  PFLtjGER's  Archiv,  9G.  See  also  the  new  method  as  suggested 
by  Salkowski.* 

Numerous  investigat.ors  have  endeavored  to  determine  the  origin  of 
glycogen  in  the  animal  bmly.  It  m  positively  established  by  the  unanimous 
observations  of  many  investigators  ^  that  the  varieties  of  sugars  and  their 
anhydrides,  dextrins  and  starckeSf  have  the  propertj^  of  increasing  the 
quantity  of  glycogen  in  the  body.  The  action  of  imdin  seems  to  be 
somewhat  uncertain,'  The  statements  are  ciuestioned  in  reganl  to  the 
wtion  of  the  pentoses,  Cremer  found  that  various  pentoses,  such  as 
rharanose,  xylose,  and  arabinose,  have  a  positive  hifiueiiee  on  the  glycogen 
formatioQ  in  rabbits  and  hens,  and  Salkowski  obtained  the  same  result 
OD  feeding  rabbits  and  a  hen  on  l-arabinose.  Frentzkl  founds  on  the 
contrary^  no  glycogen  formation  on  feeding  xylose  to  a  rabbit  which  had 
previously  been  made  glycogen-free  by  strvchnine  poisoning,  and  Neuberg 
4fid  Wohlgemuth  *  obtained  similar  negative  results  on  feeding  rabbits 
with  d-  and  r-arabinose. 

The  hexoses,  and  the  carbohydrates  derived  therefrom,  do  not  all 
po«ess  the  ability  of  forming  or  accumulating  glycc^en  to  the  same  extent. 
Tbns  C.  VoiT*  and  his  pupils  have  shown  that  dextrose  has  a  more 
powerful  action  than  cane-sugar,  whik>  milk-sugar  is  less  active  (in 
fibbits  and  hens)  than  dextrose,  laevulose^  cane-sugar,  or  maltose.  The 
following  substances  when  introducetl  into  the  body  also  increase  the 
quantity  of  glycogen  in  the  liver:  gltjccrine,  gelatine,  arhuHn,  and  likewise, 
wording  to  the  investigations  of  KtjLZp  eryihrite^  quercile^  dulciie^  man- 
^,  irumte,  dhylejie  and  propylene  glycol^  glucuronic  anhydride^  sacchnric 
add^  mxtcic  acid,  sodium  tartrate,  saccharin,  isosaccharin ,  and  urea.^    Am- 


[qui 


^     *  Zeitschr.  T  physiol,  Chem.»  M. 

'  In  reference  to  the  literature  on  this  subject  see  E.  Kiilzt  Pfluger's  Arch.,  21,  and 
Ludwig-Festschrift^  1891 ;  also  the  cited  works  of  Pfl tiger  and  Cremer,  foot-note  6,  page 
244. 

■    '  See  Miura,  Zeitachr,  f.  Biologie,  32,  and  Xaka^eko,  Amer.  Joiim.  of  Physiol.,  4, 
^Salkow5ki,^Zeitfiichr.  f.  physiol  Chem.j  32;    Neuberg  aod  Wohlgemuth,  ihid.,  Soi. 
See  also  Pfliiger,  I.e.,  and  Cremer,  L  c. 
•  Zeitdchr  f.  Biologie,  28. 
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monium  carbonate ^  glycocoll,  and  asparagin  may  similarly ,  according  to 
RoHMANXj  cause  an  iiitTcase  in  the  amount  of  glycogen  in  the  liver. 
According  to  Nebelthau  other  ammonium  salts  and  some  of  the 
amidea,  as  well  as  certain  nurcolics,  hypnotics^  and  antipyretics,  produce 
an  increase  in  the  glycogen  of  the  liver.  This  action  of  the  anti- 
pyretics   (especially     antipyrin)     had     been     shown     by     Lupine    and 

PORTERET;' 

The  fats,  according  to  Bouchard  and  DesgreZj  increase  the  glycogen 
content  of  the  muscles,  but  not  of  the  liver,  and  according  to  Couxrevr * 
the  glycogen  is  increased  at  the  expense  of  the  fat  in  the  silkw^orm  larva 
as  it  changes  into  a  chr^^salis.  In  general  it  is  believed  that  the  fat  has 
no  influence  upon  the  glycogen  content  of  the  liver,  although  glycerine 
has  the  action  above  mentioned. 

The  views  in  regard  to  the  influence  of  the  proteids  are  iomewhat  con- 
tradictor3\  From  several  investigations  the  conclusion  has  been  draim 
that  the  proteids  cause  an  increase  in  the  glycogen  of  the  liver.  Amongst 
these  investigations  must  be  included  certain  feeding  experiments  with 
boiled  beef  (Naunyn)  or  blood- fibrin  (v.  Mering),  and  especially  the 
very  careful  experiments  made  by  E.  KtJLZ  on  hens  %vith  pure  proteids, 
such  as  casein,  seralbumin,  and  ovalbumin »  The  value  of  these  experi- 
ments is  disputetl  by  Pfluger,  and  as  a  direct  proof  against  the  farmatioa 
of  glycogen  from  proteid  he  refers  to  Schondorfp*s  investigations  when 
fee<ling  carbohydrate-free  proteid  (casein)  to  frogs  without  finding  the  least 
increase  in  the  total  glycogen.  I-^ater  Blumenthal  and  Wohlgemuth 
arrived  at  similar  results.  They  found  no  glycogen  accumulation  in  frogs 
after  feeding  witli  casein  or  gelatine,  l>ut  did  find  it  after  feeding  with  oval- 
bumin, which  contains  a  earbohydrate  gronii.  On  the  contrar>%  Bendix 
w*a8  able  to  show  an  increase  in  the  glycogen  in  dogs  by  feeding  casein 
and  r^latine,  as  well  as  ovalbumin,  and  in  fact  a  greater  increase  by 
casein  than  by  ovalbumin*  Stookey^  arrived  at  similar  results  when  he 
found  in  hens  a  glycogen  formation  after  feeding  casein,  while  he  obtained 
no  positive  results  after  feeding  glucoproteids.  It  seems  as  if  the  condi- 
tions in  cold-blooded  animals  were  different  from  those  in  warm-blooded 
ones.  According  to  PflijoeRi  the  experiments  of  Bendix  are  not  con- 
clusive, and  he  doulits  the  fonnation  of  glycogen  from  proteid.  He  claims 
4t  is  only  formed  fnnu  carbohydrates  or  from  the  carl>ohydrate  conjplex 

*  Rohmann,  Pf!uger's  Arch.,  S9;  Nebelthau,  Zeitschr.  T  Biologie,  28;  Porteret, 
Compt,  rend.,  1(Mj. 

'Bou  chard  ct  DeagreZ|  Compt.  rend,  130;  Couvreur,  Com  pt*  rend*  de  Soc.  biol,, 
47. 

'  Schnndnrfr,  Pflu^er's  Arch.,  82  and  SH:  Blumenthal  and  Wohlgremuth,  Bed  klin. 
Wochenschr ,  1901;  Bendix,  Zeitschr.  f.  physioi  Cbem.,  32  and  34;  9tookey«  Amer* 
Joum,  of  Physiol. »  5>. 
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of  the  glucoproteids.    Most  investigators  are  still,  it  seems,  of  the  opinion 
that  glycogen  can  be  produced  from  carbohydrate-free  proteids. 

If  the  question  is  raised  as  to  the  action  of  the  various  bodies  on  the 
accumulation  of  glycogen  in  the  liver,  it  must  be  recalled  that  a  forma- 
tion of  glycogen  takes  place  in  this  organ,  as  well  as  a  consumption  of 
the  same.  An  accumulation  of  glycogen  may  be  caused  by  an  increased 
formation  of  glycogen,  but  also  by  a  diminished  consumption,  or  by 
both. 

It  is  not  known  how  the  various  bodies  above  mentioned  act  in  this 
regard.  Certain  of  them  probably  have  a  retarding  action  on  the  transfor- 
mation of  glycogen  in  the  liver,  while  others  perhaps  are  more  combustible 
and  in  this  way  protect  the  glycogen.  Some  probably  excite  the  liver-cells 
to  a  more  active  glycogen  formation,  while  others  yield  material  from  which 
the  glycogen  is  formed  and  are  glycogen  formers  in  the  strictest  sense  of  the 
word.  The  knowledge  of  these  last-mentioned  bodies  is  of  the  greatest 
importance  in  the  question  as  to  the  origin  of  glycogen  in  the  animal  body, 
and  the  chief  interest  attaches  itself  to  the  question,  to  what  extent  are 
the  two  chief  groups  of  food,  the  proteids  and  carbohydrates,  glycogen 
fonners? 

The  great  importance  of  the  carbohydrates  in  the  formation  of  glycogen 

has  given  rise  to  the  opinion  that  the  glycogen  in  the  liver  is  produced  from 

sugar  by  a  synthesis  in  which  water  separates  with  the  formation  of  an 

anhydride    (Luchsixger    and    others).    This    theory    (anhydride    theory) 

has  found  opponents  because  it  neither  explains  the  formation  of  glycogen 

from  such  bodies  as  proteids,  carbohydrates,  gelatine,   and  others,  nor 

the  circumstance  that  the  glycogen  is    always  the  same  independent  of 

the  properties  of  the  carbohydrate  introduced,  whether  it  is  dextrogjTate 

or  fcvogyrate.    It  is  therefo  e  the  opinion  of  many  investigators  that 

all  glycogen  is  formed  from  protoid,  and  that  this  splits  int  >  two  parts, 

one  containing  nitrogen  and  the  other  being  free  from  nitrogen :  the  latter 

is  the  glycogen.    According  to  these  views,  the  carbohydrates  act  only  in 

ihat  they  spare  the  proteid  and  the  glycogen  produced  therefrom  (sparing 

^mj  of  Weiss,  Wolffberg,  and  others  0- 

In  opposition  to  this  theory  C.  and  E.  Voit  and  their  pupils  have  shown 
that  the  carbohydrates  are  ''true"  glycogen  fonners.  After  partaking 
of  large  quantities  of  carbohydrates  the  amount  of  glycogen  stored  up 
in  the  body  is  sometimes  so  great  that  it  cannot  be  covered  by  the  proteids 
decomposed  during  the  same  time,  and  in  these  cases  a  glycogm  formation 
fn)m  the  carbohydrates  must  be  admitted.  According  to  Crkmhr  only  the 
fermentable  sugar  of  the  six  carbon  series  or  their  di-  and  polysaccharides 
ire  true  glycogen  formers.     For  the  present  one  only  designates  dextrose, 

*  In  r^ard  to  these  two  theories,  see  especially  Wolffberg,  Zeitschr.  f.  Biologie,  16. 
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liBvulose,  galactose  (Weinland  *)  and  perhaps  also  d-mannose  (Cremer) 
as  true  glycogen  formers.  Other  monosaccharides  may  indeed,  according 
to  Cremer,  influence  the  formation  of  glycogen,  hut  they  are  not  converted 
into  glycogen  and  hence  are  only  called  pseu4og!ycogen  f&nners. 

The  poly-  and  disaccharides  may,  after  a  cleavage  into  the  correspond- 
ing fermentable  monosaccharides,  serve  as  glycogen  formers.     This  is  tine 
for  at  least  cane-sugar  and  milk-sugar,  which  must  first  be  inverted  in  the 
intestine.     These  two  varieties  of  sugar,  therefore,  cannot,  like  dextrose  and 
he\nilose,  serve  as  gl3'cogen  formers  after  subcutaneous  injection,  but  re- 
appear nearly  entirely  in  the  urine  (Dastre,  Fe.  Voit),     Maltose,  which  is  j 
inverted  by  an  enzyme  present  in  the  blooil,  passes  only  to  a  slight  extent  [ 
into  the  urine  (Dastre  and  Bourquelot  and  others),  and  it  can,  like  the  ^ 
monosaccharides,  even  after  subcutaneous  injection,  be  used  in  the f ommti<ia 
of  glycogen  (Fr.  Yoit^). 

After  Payy  '  showed  the  glucoproteid  nature  of  ovalbumm  and,  as  shown  [ 
later,  that  glucosamine  could  be  spUt  off  from  ovalbumin  as  well  as  certaia, 
other  protein  substances  (see  Chapter  11),  the  question  arose  whether  the 
amino-sugar  could  serv^e  in  the  fonnation  of  glycogen.  The  investigations 
carried  out  in  this  direction  by  Fabian,  FRANKELand  Offer,  and  Cathcart  * ' 
have  shown  that  the  glucosamine  intnxluced  into  the  organism  is  in  part 
eliminated  unchanged  in  the  urine  and  has  no  glycogen-forming  action. 
No  definite  conclusions  can  be  drawn  from  this  on  the  beha\dor  of  the 
carbohydrate  groups  which  exist  not  as  free  groups  but  combined  with^ 
the  proteid  molecules. 

Whether  or  not,  or  to  what  extent,  the  glucoproteids  take  part  in  thei 
sugar  of  glycogen  formation  in  the  animal  body  is  difficult  to  answer  for 
the  present,  as  but  little  is  known  of  the  extent  of  these  substances  In  the: 
body  and  our  knowledge  of  the  amount  of  carbohydrate  which  can  be  spUt 
off  from  the  various  protein  substances  Is  als{>  very  meagre.  The  most; 
widely  accepted  view  seems  to  be  that  the  quantity  of  sugar  eliminated 
imder  certain  conditions^^ — in  several  cases  of  diabetes  of  different  kinds — wasi 
too  great  to  be  covered  by  the  glycogen  content  of  the  body  and  the  ghi-' 
coprc^teids,  and  in  these  cases  a  sugar  formation  from  }>ri>teid  Ls  admit te^l. 

The  greatest  quantity  of  sugar  which  could  be  formed  theoretically! 
from  proteid  is  8  grams  of  sugar  for  every  gram  of  proteid  nitrogen  if  it! 


*  E.  Volt,  Zcntschr.  f,  Biologie,  25,  543,  and  C.  Voit,  ibid.,  28.  See  tilso  Kausch 
and  Socin,  Arch.  i.  cxjj.  Path.  u.  Pharni.,  31;  Weinland,  Zeitschr  f.  Biologie,  40  mid 
38;  Creraer,  ibid.,  12,  and  Ergebnwse  dcr  Physiol ,  1. 

*  l>astre»  Arck  de  Physiol,  (5),  3,  1891;  Dastre  and  Bourquelot,  Compt,  rend.,  98j 
Fritz  Voit,  Verhandl.  d.  Gesellsch.  f.  Morph,  u.  Physiol,  in  Mimchen,  1896,  and  Deutack 
Aroh.  f.  klin.  Med.,  5.H, 

■The  Physiolopj^  of  the  Carbohydrates,  London,  1894. 

*  FabiaJi.  Zeitschr,  f.  physiol  Cheni.,  27;  Fritnkel  and  Offer,  Centralbl.  f,  Phy«ioL, 
IS;  Cathcart,  Zeitachr.  f.  physioL  Chem.,  3ft. 
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is  admitted  tliat  all  the  carbon  of  the  proteid,  with  the  exception  of  that  nee* 

essary  to  fomi  aniuionhin^  rartumate.  is  iisrtl  in  the  format  ion  of  sugar.   The 

rel&tionship  between  dextrose  and  nitrogen  in  the  urine  has  been  repeatedly 

detennined  in  various  forms  of  diabetes,     MiNKOWisKi  and  a  few  other 

iuve^tiga tors'  have,  after  meat  feeding  in  cases  of  artificial  pancreas  diabetes, 

found  the  ratio  2.H-3:1  and  in  phlorhizin  diabet^  D  :N  =  3.8-4.2 :L^     In 

hiimn  diabetes  still  higher  results  for  the  sugar  elimination  have  been 

found,  and  indee^l  in  a  few  eases  with  f*>od  as  jioor  in  car!K»liydrates  as 

poeible  the  ratio  higher  than  8:1  was  obseiTcd.     There  arc  indeed  cases 

where  the  large  ciuantities  of  sugar  eliminated  cannot  be  accounted  for 

by  the  calculate*!  carbohydrate  and  proteid  transformation,  but  it  Ls  found 

necissary  to  admit  of  a  sugar  formation  from  fats — a  view  that  is  not  based 

upoa  sufficiently  conclusive  observ^ations. 

It  does  not  seem  justifiable  to  draw  positive  conclusioas  from  the  size 
of  the  sugar  elimination  and  from  the  ratio  D :  N,  irrespective  of  those 
cues  where  evident  faults  are  present.  On  the  other  hand,  we  do  not 
know  the  glycogen  condition  of  the  individual  experimented  upon  nor 
ihe  amount  of  sugar  split  otT  from  the  ghieoproteids.and  also  it  is  not  possi- 
ble to  estimate  the  amoiuit  of  sugar  formed  from  the  quantity  of  sugar 
^imnated  by  the  urine,  as  an  unknown  i)art  of  the  sugar  is  undoubtedly 
burnt  ia  the  body.  The  onlinan'  view  is,  as  above  stated,  that  a  sugar 
formatiDn  and — ^what  amounts  to  the  same  thing — a  glycogen  formatinn 
ffom  proteid  has  been  ptisitively  shown. 

One  can  only  speculate  on  the  manner  in  which  the  sugar  is  formed 
ffotn  the  proteid.     It  is  still  generalh^  acbnitted  that  a  deep  cleavage  first 

k*^kes  place.  Fa.  ^fi'LLKR  ha.'^i  proi>used  the  view  that  the  sugar  formation 
<'Oines  possibly  from  the  leucin»  a  view,  although  it  has  been  the  subject 
^^  8ev*eral  investigations  (R,  Corn,  Luthje,  Bendix,  Schondorff^  Blu- 
*'b:xth,vl,  and  Wohlgemuth^),  has  not  been  proven  nor  positively  dis- 
proved. 

Like  the  carbohydrates  in  general,  glycogen  has  without  any  doubt  a 
CFeat  importance  in  the  formation  of  heat  and  development  nf  energj^  in 
Uie  animal  body.  The  possibiUty  of  the  fonnation  of  fat  from  glycogen 
Cannot  be  denied/  Glycogen  m  generally  considered  as  accumulated  reser\'e 
food  in  the  liver  and  formed  in  the  liver-cells.  Wiere  does  the  glycogen 
existing  in  the  other  organs,  such  as  the  muscles,  originate?    Is  the  gly- 

*  AtcIl  f.  exp.  Pttth.  a  Pharm.,  SI.  Ah  the  scope  of  this  work  does  not  allow  of 
the  reference  to  thp  oxteni*i\'e  literature  on  the  elimination  of  empar  in  the  varioua 
forms  of  diabetes,  the  rpador  is  reff-rreil  to  larger  handl>ook.s  and  nntnci^niph-s  on  diribete-*, 

'Stiles  and  Lusk,  Amer,  Jo>jto.  of  Physird  ,  10 

•Cohn.  Zeitschr.  f  physir^l  Chem.,  2S;  Jkmlix,  ihnf.,  32;  f.uMije.  Zeifschr  f  klin. 
lied.,  39;  Schondorff,  Pflii^or^s  Arch,,  ^2;  Bliimpnthal  and  AVohlj^omuth,  Berk  klin. 
Wochraischr  ,  1901;  iSimon.  Zeitschr,  1  physiol,  Chem.,  3«< 

*  See  especially  Noel-Paton^  Jonm.  of  I^hysiol.,  19. 
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cogen  of  the  muscles  formed  on  the  spot  or  is  it  transmitted  to  the  muscles 
by  the  blood?  These  questions  cannot  yet  be  answered  with  positivenesa, 
and  the  investigations  on  this  subject  by  different  experimenters  have 
given  eoiilnidict^^ry  results.  The  experiincnte  of  Kulz/  in  which  he 
studied  the  glycogen  formation  by  passing  blood  containing  cane-sugar 
thmugh  the  muscle,  hiLs  led  to  no  conclusive  results.  Still  the  formation 
of  glycogen  from  sugar  in  the  muscles  is  jirobable.  There  is  no  doubt  that 
glycogen  is  fonned  in  the  muscles  during  erabr>'onic  life. 

If  it  is  true  that  the  blood  and  iTOijih  contain  a  <liastatic  enzyme  which 
transforms  glyco^ren  into  sugar,  and  also  that  the  glycogen  regularly  occurs 
in  the  form-elements  and  is  not  dissolved  in  the  fluids,  it  seems  probable 
that  the  glycogen  Is  not  transmitted  by  the  blood  to  the  organs  in  solu* 
tion,  but  perhaps  more  likely,  if  the  leucocytes  do  not  act  as  carriers,  it 
is  formed  on  the  spot  from  the  sugar.^  The  glycogcin  formation  seems  to 
be  a  general  function  of  the  celR  In  adults  the  liver,  which  is  very  rich 
in  cells,  has  the  proper ty,  on  account  of  its  anatomical  position,  of  trans- 
forming large  tiuantities  of  sugar  into  glycogen. 

The  f[uestion  now  arises  whether  there  is  any  foundation  for  the  state- 
ment that  the  liver  glycogen  h  traasforniwl  into  sugar. 

As  first  shown  by  Berxard  and  repeated  by  many  investigators,  the 
glycogen  in  a  dead  liver  is  gradually  changed  into  sugar,  and  thus  sugar 
formation  is  caused,  as  Bkrxaed  supposed  and  Arthus  and  Huber,  Pavy, 
and  recently  also  Pick  and  Bial,*  proved,  by  a  diastatic  enzyme.  This  post- 
mortem sugar  formation  led  Berxard  to  the  assumption  of  the  formation 
of  sugar  fmrn  glycogen  in  the  liver  iluring  life.  Berxard  suggested  the 
following  arguments  for  this  theor>':  The  liver  always  contains  some  sugar 
under  physiological  conditions,  and  the  blood  from  the  hepatic  vein  is 
always  somewhat  richer  in  sugar  than  the  blood  from  the  portal  vein. 
The  correctness  of  either  or  both  of  these  statements  has  been  disputed 
by  many  investigator.  Pavy.  Ritter,  Schiff,  Eulenberg,  Lussana, 
Abeles,  and  others  deny  the  occurrence  of  sugar  in  the  liver  during  life, 
ant]  the  greater  amount  of  dextrose  in  the  blood  from  the  hepatic  vein  is 
likewi-^e  disputed  by  them  and  certain  other  investigators.* 

It  can  Ix-  saul  that  at  present  tUtie  aiu  vvu  i  m^  *  views  cm  the  destruc- 
tion of  the  glycogen  in  the  living  organLsm:  Pavy's  view,  that  the  glycogen 


*8ee  Minkowski  and  Laves,  Arch.  f.  exp.  Path,  u.  Pharm.,  23;  Kuh,  Zeit&chr  f. 
BtolDgie,  2' 

'See  Dasire,  rompt.  rend,  dc  soc.  biol.,  47,  2S0,  and  Kauftnannt  ihtd,^  316. 

» Arthus  nnd  HuUer.  Arch  de  rhvsiol.  (5),  4,  659;  Pav>%  Journal  of  Physiol,  22; 
Pick,  Hofmemter's  Bdtr,  »;   Bial,  Arch.  f.  (Anat.  u)  Physiol.,  IWl. 

*  In  fpjrard  to  the  literature  on  sugar  formation  in  the  liver  se«  Bernard^  Le^ns  sur 
1ft  diab«vte,  Paris,  1877;  Secgen,  Die  Zuckerbildung  iin  Tierkorper^  BeHm,  1890  j  M. 
BihI.  PfltiKer's  Arch.,  hh,  434. 
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fa  directly  used  without  being  previously  transformed  into  sugar^  and  Ber- 
nard's view,  which  is  accepted  by  most  investigators,  that  the  glycogen  is 
first  transformed  into  sugar  by  the  aid  of  diastatic  enzymes.  According 
to  certain  experimenters  (Dastre,  Noei/-Paton,  E.  Cavazzani  *),  who 
also  admit  a  destruction  of  the  glycogen  with  the  formation  of  sugar,  the 
change  is  not  brought  about  by  an  enzyme  but  by  a  special  protoplasmic 
activity. 

The  doctrine  as  to  the  physiological  formation  of  sugar  in  the  liver  has 
obtained  an  eneiigetic  advocate  in  Seegen.    He  maintains,  after  numerous 
^riments,  that  the  Uver  regularly  contains  considerable  amounts  of 
sugar.    He  has  observed  an  increase  of  3  per  cent  in  the  quantity  of  dex- 
trose IQ  the  Uver  of  a  dog  kept  aUve  by  passing  arterial  blood  through  the 
oigan,  and  lastly  he  has  also  found  in  a  very  great  number  of  experiments 
on  dogs  that  the  blood  from  the  hepatic  vein  always  contains  more — even 
double  as  much — sugar  than  the  blood  from  the  portal  vein.    Mosse  and 
ZuNTz'  have  recently  made  objections  as  to  the  correctness  of  this  last 
statement,  and  it  follows  from  the  various  researches  on  this  question 
that  wh«i  disturbing  influences  are  prevented  the  blood  from  the  hepatic 
vein  is  only  very  little  richer  in  sugar  than  the  blood  from  the  portal  vein. 
Although  Seegen  energetically  espoused  the  doctrine  of  Bernard  as  to 
the  vital  sugar  formation  in  the  Uver,  still  he  deviates  essentially  from 
Bernabd  in  that  he  claims  the  sugar  is  not  derived  from  the  glycogen. 
According  to  Seegen  the  sugar  is  formed  from  proteid  and  fat.      His 
<>Ueridea,  that  this  proteid  was  peptone,  he  has  discarded.    Of  importance 
^w  the  study  of  the  sugar  formation  in  the  liver  is,  on  the  contrary,  the 
^^t  that  Seegen  has  found  a  substance  in  the  liver,  besides  glycogen, 
^hich  yields  dextrose  on  heating  with  dilute  acids.     He,  in  connection  with 
"uEMANN,  has   isolated  this  substance  in  the  form  of  a  nitrogenous  car- 
^hydrate.    O.   Simon  *  has   also   recently  isolated  a  proteose-like  sub- 
stance from  the  liver,  which   reduces  directly  and  yields  a  fermentable 
^Ugar  on  boiling  with  acids,  and  this  sugar  gives  an  osazone  melting  at  190°. 
The  formation  of  carbohydrate  or  dextrose  from  fat,  a  process  which 
Undoubtedly  occurs  in  the  vegetable  kingdom,  is  also  admitted  for  the 
animal  body  by  French  experimenters,  especially  Chauveau  and   Kauf- 
^AXN.*    At  present  there  is  no  positively   conclusive  proof  for  such  a 
\aew.      As  proof  of  the  formation  of  sugar  from  fat  several  cases  of  dia- 
betes have  been  observed  recently  (Rumpf,  Rosenqvist,  Mohr,  v.  Noor- 

*  In  regard  to  the  literature  see  Pick,  Hofmeister's  Beitriige,  3. 

^Se^en,  Die  Zuckerbildung,  etc.,  and  Centralbl.  f.  Physiol.,  10,  497  aiid  822; 
Zuntz,  ibid.,  561 ;  Mosse,  Pfluger's  Arch.,  63;  Bing,  Skand.  Arch.  f.  Physiol.,  9. 

'Seegen,  Arch.  f.  (Anat.  u.)  Physiol.,  1903;  Seegen  and  Niemann,  Wien.  Sitzber., 
112  (1903);   Simon,  Arch.  f.  Expt.  Path.  u.  Pliarm.  40. 

*  Kaufmann,  Arch,  de  Physiol.  (5),  8,  which  also  cites  Chauveau. 
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BEN.  and  others  *)  in  man,  and  by  Hartooh  and  Schuhm  also  in  animals, 
in  which  the  sugar  elimination  as  compared  to  the  nitrogen  eliniination  for 
the  same  time  was  so  exceedingly  high  that  they  were  obliged  to  admit 
of  a  sugar  formation  from  fat;  stDl  these  obser\'ations  do  not  seem  to 
be  sufficiently  conclusive.  The  investigations  of  J,  Weiss  seem  to  show 
a  formation  of  sugar  from  fat  in  the  liver,  while,  on  the  contrarj",  the  obser* 
vatioas  of  Montuori  contradict  such  a  process.'  This  question  is  therefore 
disputed. 

The  circumstance  that  the  blood-sugar  rapidly  sinks  to  i— §  of  its  origi^ 
inal  quantity,  or  even  disappears  when  the  liver  is  cut  out  of  the  circulation^ 
speaks  for  a  vital  formation  of  sugar  in  the  liver  (Seegen,  Bock,  and 
HoFFiiAXN,  Kauf^l\nn,  Tangl  and  Harley,  Paw).  In  geese  whose 
livers  were  removeil  frcjm  the  circulation  ^Iinkowskli  found  no  sugar  in 
the  blood  after  a  few  hours.  On  removing  the  liver  from  the  circulation 
by  tying  all  the  vessels  to  and  from  the  oi^gan,  the  quantity  of  sugar  in  the 
blood  on  drawing  b  not  increased  (Schenck  ').  We  will  also  learn  shortly 
of  certain  poisons  and  operative  changes  which  may  cause  an  abundant 
elimination  of  sugar,  but  only  when  the  liver  contains  glycogen.  If  we  re- 
call the  fact  sho\^Ti  by  Rqhxl^xn  and  Bi.u>  *  that  the  l>^mph  as  well  as  the 
blood  contains  a  diastatic  enzyme,  then  several  reasons  speak  for  the  view 
of  BERX.um,  that  the  post-mt>rtem  fonnation  of  sugar  from  the  glycogen 
in  the  liver  is  a  continuation  of  the  \*ital  process. 

The  relationship  of  the  sugar  eliminated  in  the  urine  under  certain 
conditions,  such  as  in  diabetes  mellitus,  certain  intoxications,  lesions  of 
the  nervous  system,  etc.,  to  the  glycogen  of  the  liver  is  also  an  important 
question. 

It  does  not  enter  into  the  plan  and  scope  of  this  book  to  discuss  in 
detail  the  various  views  in  regard  to  glycosuria  and  diabetes.  The  appear- 
ance  of  dextrose  in  the  urine  is  a  symptom  which  may  have  essentially 
different  causes,  depentling  upon  different  circumstances.  Only  a  few  of 
the  most  important  points  will  be  mentioned. 

The  blood  contains  always  about  an  average  of  1,5  p.  m.,  while  the 
urine  at  most  only  traces  of  dextrose.  When  the  quantity  of  sugar  in  the 
blood  rises  to  3  p.  m.  or  above,  then  sugar  passes  into  the  urine.  The 
kidneys  have  the  property  to  a  certain  extent  of  preventing  the  passage  of 
blood-sugar  into  the  urine;  and  it  follows  from  this  that  an  elimination  of 

»  Rumpf,  Beri,  klin.  Wochenschn ,  1899;  Ro®enq\i8t.  ibid,;  Mohr,  tbii ,  1901; 
V.  Noorden,  ''Die  Zuckerkrankheife/'  3.  Aufl..  ficrlin,  1901;  Hartogh  and  Schumm^ 
Arch.  f.  exp.  Path,  u,  Pharm.,  47,  and  Luak,  ZeiUchr  f.  Biologic,  -12. 

*  Weiss,  Zeitschr.  f,  physio!,  Chem.,  24;  Montuori^  Maly's  Jahresber., ; 

*  Seegen,  Bock  and  Hoffmann,  see  Seegen,  1.  c;   Kaufmann,  Arch,  de  PhyaioL  (5\ 
%;  Tangl  and  Harley,  Pfliiger's  Airh..  fil;    Pavy,  Joum,  of  Physiol. 
An^h-  f.  exp.  Path  u   Phann.,  21;  Sfhenck*  Pflucrer's  Arch.,  57. 

*  Rohmann  and  Bial.  aee  foot-note  4»  pjige  1 'i5. 
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igar  in  the  urine  may  be  caused  partly  by  a  reduction  or  suppression 
of  this  above-mentioned  activity  and  partly  alao  by  an  abnomial  increase 
of  the  quantity  of  sugar  in  the  blood. 

The  first  seems,  according  to  v.  Mering  and  Minkowski,  to  be  the 

ease  in  phlorhizin  diabetes,     v.  Merincj  has  found  that  a  j^trong  plycosuria 

afjpears  in  man  and  animals  on  the  administration  of  the  glucosidc  phlor- 

hiiin.    The  sugar  eliminated  is  not  derived  from  the  ghicoslde  alone.     It 

Is  Conned  in  the  animal  body,  and  in  fact,  at  least  on  prcdonged  starvation, 

ifnun  the  protein  substances  of  the  botly.    The  quantity  of  sugar  in  the 
Wood  ia  not  increased,  but  rather  diminished,  in  phlorhizin  diabetes  (Min- 
kowski), which  tends  to  show  that  an  abnormal  elimination  of  sngar  takes 
place  through  the  kidneys.    This  statemeut  is  dispiitetl  by  certain  investi- 
gators, Le\'ene  and  Pavy,  and  the  work  of  the  latter  seems  to  show  that 
a  sugar  formation  takes  place  in  the  kidneys.* 
With  the  exception  of  phlorhizin  diabetes,  which  is  dependent^  accord- 
ing to  the  ordinary  views,  upon  a  change  in  the  kidneys,  all  other  forms  of 
glycosuria  or  diabetes,  as  far  as  knowm  at  present,  depend  on  a  kyperglur 
A  h>T>erglucaemia  may  be  caused  in  various  ways.    It  may  be  caused, 
^or  example,  by  the  introduction  of  more  sugar  than  the  body  cao  destroy. 
The  property  of  the  animal  body  to  assimilate  the  different  varieties 
^f  sugar  has  naturally  a  limit.    If  too  much  sugar  is  introduced  into  the 
'^testinal  tract  at  one  time,  so  that  the  so-callctl  a^ssimilation  limit  {see 
^-^bapter  IX,  on  absorption)  is  overreachedj  then  the  e:xcess  of  absorbed 
I^Ugar  passes  into  the  urine.    This  form  of  glycosuria  is  called  alimmitary 
i^^i/cosunar  and  it  is  caused  by  the  passage  of  more  sugar  into  the  blood 
l^ban  the  liver  and  other  organs  can  destroy. 

As  the  liver  cannot  transform  all  the  sugar  into  glycogen  which  comeB 

it  in  alimentary  glycosuria »  it  is  possible  that  a  glycosuria  may  be  pro- 

luced  also  under  pathological  conditions,  even  by  a  medium  amount  of 

Carbohydrate  (100  grams  dextrose),  which  a  healthy  person  could  overcome. 

is  the  case  among  others  in  various  affections  of  the  cerel>ral  system 

in  certain  chronic  poisoning,    iSeegen  includes  the  lighter  forms  of 

diabetes  in  this  class  of  glycosuria. 

In  r^ard  to  the  literature  on  phlorliizin  diabetes  see:  v.  Mering,  Zeitschr.  f.  klin, 

led-,  14  aj[id  Ki;  Minkowski,  Arch.  f.  exp.  Path.  u.  Pharm.,31-  Morita  and  Prausiiitz» 

eitschr.  f.  Biologie,  27  and  29;   Kulj5  and  Wright,  ibid,,  27,  ISl;  Cremer  and  Ritter, 

^ibtd.,  2S  and  29;  Omtjiitui,  Compt*  rend,  de  ijoc,  biol.,  4S;    Lusk,  Zeitschr.  L  Biologic, 

36;    Levene,  Journal  of  PhysjoL,  17;   Pavy.  ihuL,  20  and  21*;   Arteaga,  Arner  Joum. 

of  PhysioL,  6;   0.  Loewi,  1,  c;  Cremer,  Erj^ehniisse  der  Physiologie,  1,  Al>t.  1,  and  the 

monographs  upon  diabetes;  Stiles  and  lAtak,  Amer,  Journ.  of  Physiol,  10. 

'  In  regard  Uy  alimentary  glycosuria  see  Moritz,  Arch,  f,  klin.  Med.^  40,  which  idso 
contains  the  older  literature;   B.  Rosenberg,  ''Ueber  das  Vorkommen  der  aliment 
Glykoeoria,"  etc.  (Inaug.-Dlssert.  Berlin,  1897);   van   Oordt,  Munch,    raed  Wochen- 
■dir..  1S98;  v.  Noorden,  Die  Zurkerkrankheit,  3.  Aufl..  1901. 
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We  diEFerentiate  between  light  and  severe  forms  of  diabetes.  In  tt*.^ 
fm?t  the  urine  contains  su^^ar  only  when  carbohydrates  are  taken  as  foocr^i, 
while  ill  the  other  case  the  urine  contains  sugar  even  with  food  entirek-^3 
free  from  carbohydrates*  According  to  the  views  of  several  invest igatora^, 
in  light  forms  of  diabetes  the  liver  is  incapable  of  transfomiing  all  tba^e 
carbohydrates  introduced  into  glycogen^  or  to  utilize  this  in  a  normal  waj^^, 
and  the  activity  of  the  liver-cells  is  also  reduced  or  changed  in  these  case^gm 

A  h^-perglucxmia  which  passes  into  a  glycosuria  may  also  he  brougt^t 
about  by  an  excessive  formation  of  sugar  from  the  glycogen  and  oth^^s^ 
bodies  within  the  animal  body,  I 

The  so-calle<l  piqarc,  and  also  probably  those  glycosurias  which  occiB^^ 
after  other  lesions  of  the  nerv^ous  s}'steni,  belong  to  the  above  group  c*-^- 
glycosurias.     The  glycosuria  produced  on  poisoning  with  carbon  raooojc— ^ 
ide,  adrenalin,  curare,  strjThnine,  morphine,  ete.,  also  belongs  to  this  group  ^ 
That  the  glycosuria  produced  in  certain   cases,  as   after  piqure,  is  du^?;^ 
to  an  increased  transformation  of  the  glycogen  follows  from  the  fact  thaC^ 
no  glycosuria  appears,  under  the  above-mentioned  circumstances,  when^ 
the  liver  has  been  previously  made  free  from  glycogen  by  starvation  or 
other  means.     In  other  cases,  as  in  carbon-monoxide  poisoning,  the  sugar 
is  probably  derived  from  the  proteids,  because  glycosuria  only  occurs  in 
those  cases  where  the  poisoned  animal  has  a  sufficient  quantity  of  proteid 
at  its  disposal  {STR.4UB  and  Rosexstein  *).     Proteid  starvation  with  a 
simultaneously  abundant  supply  of  carbohydrates  causes  this  glycosuria  to 
disappear. 

A  h}T>ergluc0emia  with  glycosuria  may  also  be  caused  by  a  decreased. 
abilit}^  of  the  animal  body  to  consume  or  destroy  the  sugar.  In  this  case 
the  sugar  must  accumulate  in  the  blood,  and  the  formation  of  severe  cases 
of  diabetes  melhtus  is  now  generally  explained  by  this  process. 

The  inability  of  diabetics  to  destroy  orconsimie  the  sugar  does  not  seem 
to  be  connected  with  any  decrease  in  the  oxidative  energy  of  the  celk. 
Apart  from  the  fact  that  the  oxidative  processes  are  not  diminished  generally 
in  diabetics  (Schultzex,  Nexcki  and  Sieder  *),  it  must  be  remarked  that 
the  two  varieties  of  sugar,  dextrose  and  Iievulose,  wliieh  are  oxidized  with 
the  same  readiness^  act  differently  in  diabetics.  According  to  KItlz  and 
other  investigators  kpvulo-^e  is,  contrar}^  to  dextrose,  utilized  to  a  great 
extent  in  the  organism,  and  may,  according  to  ^IiNKOWiSEit^  even  cause  a 

*  See  Bock,  Pfliiger'e  Arch.,  »;  liock  and  HofTtnatin,  Expt.  8tudien  Qber  Diabetes 
(Berlin,  1874) ;  Ci.  Bernard,  Le^^ns  sur  le  dialx^te  (Park) ;  T.  Araki,  Zpitjsehr.  f.  physioL 
Cbem.,  15,  351;  Straub,  Arch.  f.  t.-\p  Path.  u.  Pharm.,  SM;  Rosenstein,  ibid.,  40; 
Pflu8;er,  Pfluger's  Arch.,  %. 

'  Schviltzen,  Berl  klin.  Wochenscbr.,  1872;  Nencki  and  Sieber,  Joum.  f.  prakt. 
Chera.  (N.  F.),  26,  35. 

"  Kiik,  BeitrSge  zur  Path.  u.  Therap.  dea  Diabetea  mellitua  (Jlarburg,  1874),  1; 
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deposit  of  glycogen  in  the  liver  in  animals  with  pancreas  diabetes  (see  be- 

lov).    The  combustion  of  proleid  and  fat  takes  place  as  in  healthy  subjects, 

and  the  fat  is  completely  burnt  into  carbon  dioxide  and  water.    In  this 

diabetes  the  ability  of  the  cells  to  utilize  especially  the  dextrose  suffers 

dinunution,  and  the  explanation  of  this  has  been  sought  in  the  fact  that  the 

dextrose  is  not  previously  split  before  combustion. 

CO 
The  variation  in  the  respiratory  quotient,  i.e.,  the  relation  — ^,  seems 

to  show  an  insufficiency  of  the  dextrose  combustion  in  the  tissues  in  diabetes. 
As  will  be  thoroughly  explained  in  a  following  chapter,  this  quotient  is 
greater  the  more  carbohydrates  are  burnt  in  the  body,  and  it  is  correspond- 
ingly smaller  when  proteid  and  fat  are  chiefly  burnt.  The  investigations 
of  Leo,  Hanriot,  Weintraud  and  Laves,  StrIjve,^  and  others  have 
shown  that  in  severe  cases  of  diabetes  in  the  starving  condition  the  low 
quotient  is  not  raised  after  partaking  dextrose,  as  in  healthy  individuals,  but 
that  it  is  raised  after  feeding  Isevulose,  which  is  also  of  value  to  diabetics 
(Weintraud  and  Laves,  Struve).  The  poverty  of  the  organs  and  tis- 
sues of  diabetics  in  glycogen  shows  that  not  only  is  the  combustion  of  the 
dextrose  diminished,  but  also  the  transformation  of  the  same  into  glycogen, 
and  its  valuation  as  a  whole  is  decreased. 

There  are  also  certain  investigators  who  consider  that  diabetes  is  due  to 
^  increased  production  of  sugar  in  the  liver — ^a  view  which  has  received 
8ome  support  in  the  artificially  produced  pancreatic  diabetes  (Cha'uveau, 

-^UFMANN,  CaVAZZANI). 

The  mvestigations  of  Minkowski,  v.  Merino,  Domenicis,  and  later 

^vestigators '  have  shown  that  a  true  diabetes  of  a  severe  kind  is  caused 

^y  the  total  extirpation  of  the  pancreas  of  many  animals,  especially  dogs. 

"^  in  man  in  severe  forms  of  diabetes,  so  also  in  dogs  with  pancreatic  dia- 

^tes,  an  abundant  elimination  of  sugar  takes  place  even  on  the  complete 

^^clusion  of  carbohydrates  from  the  food,  and  the  formation  of  ^ugar  in 

^kese  cases  is  generally  considered  as  derived  from  the  protein  substances. 

Artificial  pancreatic  diabetes  may  also  in  other  respects  present  exactly 

the  same  picture  as  diabetes  in  man;   but  opinions  differ  as  to  the  cause  of 

this  diabetes.     According  to  the  Cavazzaxi  brothers,  as  well  as  Chauveau 

and  Kaufmann,*  pancreatic  diabetes  is  not  or  not  entirely  caused  by  a 

Weintraud  and  Laves,  Zeitschr.  f.  physiol.  Chem.,  19;  Haycraft,  ibid.;  Minkowski, 
Arch.  f.  exp.  Path.  u.  Pharm.,  31. 

*  See  V.  Noorden,  Die  Zuckerkrankheit,  3.  Aufl.,  1901. 

'  See  Minkowski,  Untersuchungen  liber  Diabetes  raellitus  nach  Exstirpation  des 
Pankreas  (Leipzig,  1893);  v.  Noorden,  "Die  Zuckerkrankheit'*  (Berlin,  1901),  which 
contains  a  very  copious  index  of  the  literature.  In  regard  to  diabetes  see  also  CI. 
Bernard,  Le9ons  sur  le  diab^te  (Paris),  and  Seegen,  Die  Zuckerbildung  in  Thierkorper 
(Berlin,  1890). 

'  Cavazzani,  Centralbl.  f.  Physiol.,  7;  Chauveau  and  Kaufmann,  Mem.  soc.  biol., 
1893;  Kaufmann,  Arch,  de  Physiol.  (5),  7,  and  Compt.  rend,  de  soc.  biol.,  47. 
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diminished  consumption  of  the  normal  quantity  of  sugar  formed,  but  to  an 
abnormally  increased  formation  of  sugar.  From  this  it  follows  that  the 
pancreatic  gland  has  a  regulating  action  on  the  formation  of  sugar  in  the 
liver,  a  retarding  action  which  is  causefi  by  an  unknown  product  of  the 
internal  secretion  rrf  the  pancreas,  and  which  is  absent  on  the  extiqiation  of 
the  gland.  IC\ufmaxx  has  made  niam^  uivestigations  in  support  of  tliis 
view.  Among  other  things,  he  has  also  shown  that  on  the  extirpation  of 
the  pancreas  in  h>jjerg1ucteniic  animals  the  quantity  of  blood  is  quickly 
diminished  on  cutting  out  the  hver  or  the  portal  circulation,  Montucfri  * 
has  arrived  at  similar  resnlt^s,  since  the  large  quantity  of  sugar  in  the  blood 
of  dogs  on  ligaturing  the  pancrc^atic  vessels  was  diminished  on  suljseijuently 
ligaturing  the  Hver  vessels.  IvvViit^cu  has  made  similar  obser\^ations  on 
birds  with  extirpated  pancreas  and  subsequent  liver  extir|>ation,  and 
Marcuse  ^  has  likewLse  shown  that  the  simuhaneous  extirpation  of  the 
liver  and  pancreas  of  fmgs  caused  no  glycosuria  in  any  case  (among  19), 
while  the  extirpation  of  the  pancreas  alone  in  12  animals  operated  upon 
(out  of  19)  caused  a  diabetes. 

There  remains  no  doubt  that  a  certain  relationship  exists  between  the 
liver  and  the  elimination  of  sugar  after  the  extirpation  of  the  pancreas, 
although  the  obser\7itiorLs  do  not  lead  to  any  positive  conclusion.  The 
invcstigatioiLs  of  MiNKrnvsKi,  H^don,  La\X'Reaux,  Thiroloix,  and 
others '  make  it  probable  that  special  chemical  products  of  the  internal 
secretion  of  the  pancreas  are  here  active.  According  to  these  iin^estigations 
a  subcutaneously  transplanted  piece  of  the  gland  can  completely  perform 
the  functiorus  of  the  pancreas  as  to  the  sugar  exchange  and  the  sugar  elimi- 
nation, because  on  the  removal  of  the  intra-abdominal  piece  of  gland  the 
animal  in  this  case  does  not  become  diabetic.  But  if  the  subcutaneously 
imbedded  piece  of  pancreas  is  then  subsequently  removed,  an  active  elimina- 
tion of  sugar  appears  immediately. 

There  seems  lately  to  be  a  tenilency  t*)  lean  towards  the  view  that  this 
internal  secretion  of  the  pancreas  Is  related  to  the  so-called  islands  of 
Langerhans  of  the  pancreas.  No  one  is  acquaintCN:!  with  the  kind  of  su!> 
stance  here  active.  The  glycolytic  activity  of  the  blorxl  shown  by  Lepine 
used  to  be  considered  by  him  as  due  to  a  glycolytic  enzyme  formed  in  the 
pancrea^s;  this  glycolysis  is  not  sufficient,  it  seems,  even  if  it  is  de|iend- 
ent  upon  the  pancreas,  which  is  denied,  to  explain  the  transformation  in 
the  body  of  the  large  amount  of  sugar  present.  Perhaps  the  influence 
of  the  pancreas  must  be  sought  in  connection  with  the  muscles,  for,  as 


»  See  Maly'a  Jahresber.,  26. 

*Ka«sch,  Arch  f.  exp.  Path.  u.  Pharm.,  37;  Marc  use,  Du  Bois-Reymond 's  Arch.| 
1894,  539. 

'  Set?  Minkowski,  Arch  f.  exp.  Path.  u.  Pharm.,  31;  Hedon,  Diab^te  pancr^tique^ 
Travmix  de  PhyHiolo^ni?  (T.Aln^rfltnire  de  ^IrtMtppHier,  1S1»8), 
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O.  CoHNHEiM  *  has  shown,  one  can  obtain  a  cell-free  liquid  from  a  mixture  of 
muscle  and  pancreas  which  destroys  grape-sugar,  while  the  individual  organs 
alone  do  not  do  this. 

The  statement  of  Cohxheim,  that  the  pancreatic  juice  and  muscle 
juice  together,  but  not  apart,  have  a  glycolytic  action,  has  been  disputed, 
a&  several  experimenters  such  as  Stoklasa  and  Czerny,  Simacek^  Feix- 
fiCHMiDT,  Ar-VHeim  atid  RosENBAiTM  havc  shown  a  glycolytic  property  of 
these  and  other  oi^ans,  alsc»  with  the  exclusion  of  bacteria.  The  precipi- 
tate produced  by  alcohol-ether  seems  to  be  more  active  than  the  press 
fluid  itself,  and  the  action  of  the  latter  was  often  ver}^  weak.  To  those 
organs  which  contain  a  glycolytic  substance  also  belongs  the  liver,  in 
w^hich  this  substance  is  absent  in  severe  cases  of  diabetes.  Cohnheim's 
statements  have,  on  the  other  hand,  been  confirmed  by  Arnheim  and 
RosKNiiAUM  and  R.  Hirsch,  who  showed  that  the  pancreas  has  the 
power  of  raising  the  glycolytic  property  of  the  liver  and  the  muscles  to  a 
considerable  degree.  The  pancreas  probably  acts  in  the  destruction  of 
the  sugar,  in  that  it  brings  about  the  action  of  the  glycolytic  enzymes 
present  in  the  other  organs  (Blumenthal).  Lupine,  who  has  already 
admitted  that  the  pancreas  has  a  direct  glycolytic  action  but  not  by  an 
internal  secretion,  is  also  of  the  opinion  that  the  glycolysis  produced  by  cell 
protoplasm  is  accelerated  by  the  pancreas.' 

The  Bile  and  its  Formation, 

By  the  establishment  nf  a  biliary  fistula,  an  operation  which  was  first 
performed  by  Schwann  in  1S44  and  which  has  been  improved  lately  by 
Dastrk  and  Pawlow,'  it  L^  possible  to  study  the  secretion  of  the  bile.  This 
secretion  is  continuous,  but  %\ith  varj'ing  intensity.  It  takes  place  under 
a  very  low  pressure;  therefore  an  apparently  unimportant  hindrance  in  the 
outflow  of  the  l>ile,  namely,  a  stoppage  of  mucus  in  the  exit,  or  the  ,serretion 
of  large  quantities  of  \'iscous  bile,  may  cause  stagnation  and  absorption  of 
the  bile  by  means  of  the  lymphatic  vessels  (absorption  icterus). 

The  (piantky  of  bile  secreted  in  the  twenty-four  hours  in  dogs  can  be 
exactly  determined.  The  quantity  secretetl  by  different  animals  varies, 
and  the  Mmils  are  2,9-36,4  grams  of  bile  per  kiki  of  weight  in  the  twenty* 
four  hours.* 


'  Zeitachr  f.  physiol.  l'b<jni,p  39. 

'Htokljisa,  bsterreich.  Chein.  'Mixing,  1903;   Czerny,  Ber.  d.  d,  chenL  Ge»ell9ch» 

S6;   Simslcek^  Centralbl.  f.  Physiol,  17;    FeLnschmidt,  Hofmeister's  Bdtra^,  4;   Am* 

heim  and  Rosetibmim,  Zcitschr.  f.  physiol  C'hem.,  40;    H,  Ilirsch,  Hofmeistcr'a  Bei- 

Itriige,  4;    Blumenthal,   Deutack  med,  Wochenschr,  1903;    L^pine>  La   semaine  m^ 

dicale.  1903. 

'Schwann,  Arch.  f.  (Anat.  u."!  Physiol,  1844;  Dastre,  Arch,  de  Physiol  (5),  2* 
Pawlow,  Erpebnifjse  der  Physiol,  1,  Abt.  1. 

*  In  regard  to  the  quaolity  of  bile  secreted  m  atilmals  see  Heideaham,  Die  Gallenab* 
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The  statements  as  to  the  extent  of  bile  secretion  in  man  are  few  and 
not  to  be  depended  on.  R\xk£  fotmd  (using  a  method  which  is  not  free 
from  criticism)  a  secretion  of  14  grams  of  bile  with  0.44  gram  of  solids  per 
kilo  in  twenty-four  hours.  Noei/-Patox,  iL\YO-RoBsox,  Hammarsten. 
Ptaff  anrl  Balch,  and  Braxd  ^  have  fotmd  a  variation  between  514  and 
1083  c,  c,  per  twenty-four  hours.  Such  determinations  are  of  doubtfxil  value, 
because  in  most  cases  it  follows  from  the  composition  of  the  collected  bile 
that  the  fluid  is  not  the  result  of  a  secretion  of  normal  liver  bile. 

The  quantity  of  bile  secreted  is,  however,  as  specially  shown  by  Stadel- 
mann/  subject  to  such  great  variation  even  under  phj-siolc^cal  conditions 
that  the  study  of  these  circumstances  which  influence  the  secretion  is  verj- 
difficult  and  uncertain.  The  contradictor^-  statements  by  different  investi- 
gators may  probably  be  explained  by  this  fact. 

In  starvation  the  secretion  diminishes.  According  to  Lukjaxgw  and 
Albertoxt,*  under  these  conditions  the  absolute  quantity  of  solids  de- 
creases, while  the  relative  quantity  increases.  After  partaking  of  food  the 
secretion  increases  again.  The  statements  are  ver>'  contradictory  in  r^:ard 
to  the  time  necessary  after  partaking  of  food  before  the  secretion  reaches 
its  maximum.  After  a  careful  examination  and  compilation  of  all  the 
existing  statements  Heidexhaix  *  has  come  to  the  conclusion  that  in  dogs 
the  curve  of  rapidity  of  secretion  shoe's  two  maxima,  the  first  at  the  third 
U)  fifth  hour  and  the  second  at  the  thirteenth  to  fifteenth  hour,  after  par- 
taking of  ffK>d.  Acconling  to  Barbara*  the  time  when  the  maximum 
occurs  Ls  dependent  upon  the  kind  of  food.  With  carlx)hydrate  food  it 
w  two  to  three  ho-irs,  after  protcid  food  three  to  four  hours,  and  with  fat 
diet  it  Ls  five  U)  seven  hours  after  feeding. 

Acconling  to  the  older  statements,  the  proteids,  of  all  the  various  foods, 
cau.se  the  ^reiitest  secretion  of  bile,  while  the  carbohydrates  diminish,  or 
at  least  excite  much  loss,  than  the  proteids.  This  coincides  with  the  recent 
ol>sor\'ations  of  Harh6ra.  The  authorities  are  by  no  means  agreed  as  to 
th(;  action  of  the  fats.  WTiilc  many  older  investigators  have  not  obser\-ed 
any  increase,  but  rather  the  reverse,  in  the  secretion  of  bile  after  feeding 
with  fats,  the  researches  of  Barbara  show  an  undoubted  increase  in  the 


Hoiuh'.niuf^,  in  Hermann *«  Han(li)uch  dor  Physiol.,  o,  and  Stadelmann,  Der  Icterus  und 
H(nw.  v^Tscliicidf'non  Formon  (.-^tutt;j:.irt,  ISOl). 

'  Hanko,  I)ii;  Hlutvcrthnilunj;  und  dcr  Thati?lvc:t.?wo''hsel  der  Organe  (Leipzig, 
1S71);  .\cMl-Paton,  Hop.  Lai).  Koy.  Coll.  Edinburgh.  J{;  MayoRobson,  Proc.  Roy.  Soc, 
47;  llaminarsten,  Nova  act.  Reg.  Soc.  Scicnt.  Upsala  (3\  16;  Pfaff  and  Balch,  Joum. 
of  Kxp.  Mr-d..  1S97;   lirand,  Pflugcr's  Arch.,  00. 

*  Stadelmann,  Dcr  Ictora*^,  etc.     Stuttgart,  1891. 

'  Lukjanow,  Zoit.schr.  f.  physiol.  C'hem.,  1(>;  Albertoni,  Recherches  sur  la  s^r^ 
tion  biliaire.     Turin.  1893. 

*  Hermann 's  Handb.,-.'),  and  Stadehnann,  Der  Ictenis,  etc. 
•Centndbl.  f.  Phyniol.,  12  and  1«. 
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secretion  of  bile  on  fat  feeding,  greater  even  than  after  carbohydrate  feed- 
ing. According  to  Rosenberg  olive-oil  is  a  strong  cholagogue,  a  statement 
which,  according  to  other  investigators — Mandelstamm,  Doyon  and 
DupouRT  * — is  not  sufficiently  proved. 

As  Barbara  has  shown,  a  close  relationship  exists  between  the  bile  secre- 
tion and  the  quantity  of  urea  formed,  as  an  increase  in  the  first  goes  hand 
in  hand  with  an  increase  of  the  latter.  The  bile  is,  therefore,  according  to 
him,  a  product  of  disassimilation,  whose  quantity  rises  and  falls  with  the 
degree  of  activity  of  the  liver. 

The  question  whether  there  exist  special  medicinal  bodies,  so-called 
cholagogues,  which  have  a  specific  excitant  action  on  the  secretion  of  bile 
has  been  answered  in  very  different  ways.  Many,  especially  the  older 
mvestigatore,  have  observed  an  increase  in  the  bile  secretion  after  the  use 
of  certain  therapeutic  agents,  such  as  calomel,  rhubarb,  jalap,  turpentine, 
oliveK)il,  etc.;  while  others,  especially  the  more  recent  investigators,  have 
arrived  at  quite  opposite  results.  From  all  appearances  this  contradiction 
'  is  due  to  the  great  irregularity  of  the  normal  secretion,  which  may  be  readily 
mistaken  in  tests  with  therapeutic  agents. 

Schiff's  view,  that  the  bile  absorbed  from  the  intestinal  canal  increases 
the  secretion  of  bile  and  hence  acts  as  a  cholagogue,  seems  to  be  a  positively 
proven  fact  by  the  investigations  of  several  experimenters.'  Sodium 
salicylate  is  also  perhaps  a  cholagogue  (Stadelmann,  Doyon  and  Du- 
pourt). 

The  bile  is  a  mixture  of  the  secretion  of  the  liver-cells  and  the  so-called 

^ueus  which  is  secreted  by  the  glands  of  the  biliary  passages  and  by  the 

Mucous  membrane  of  the  gall-bladder.     The  secretion  of  the  liver,  which 

i>5  generally  poorer  in  solids  than  the  bile  from  the  gall-bladder,  is  thin  and 

^lear,  while  the  bile  collected  in  the  gall-bladder  is  more  ropy  and  viscous 

^n  account  of  the  absorption  of  water  and  the  admixture  of  ''mucus,''  and 

oloufly  because  of  the  admixture  of  cells,  pigments,  and  the  like.     The 

s$pecific  gravity  of  the  bile  from  the  gall-blader  varies  considerably,  being 

in  man  between  1.010  and  1  040.     Its  reaction  is  alkaline  to  litmus.     The 

color  changes  in  different  animals;  golden-yellow,  yellowish-brown,  olive- 

*  Barbara,  Bull,  della  scienz.  med.  di  Bologna  (7),  5,  and  Maly's  Jahrcsber.,  24,  and 
Centralbl.  f.  Physiol.,  12  and  16;  Rosenberg,  Pfliiger's  Arch.,  46;  Mandelstamm,  Ueber 
den  Einfluss  einiger  Arzneimittel  auf  Sekretion  und  Zusammensetzung  der  Gallo  (Dissert. 
Dorpat,  1890);  Doyon  and  Dufourt,  Arch,  de  Physiol.  (5),  9.  In  regard  to  the  action 
of  various  foods  on  the  secretion  of  bile  sec  also  Heidenhain,  1.  c. ;  Stadelmann,  Der 
Icterus;  and  Barbara,  1.  c;  A.  Falloise,  Bull,  de  I'Acad.  Roy.  de  Belgique,  No.  8,  1903. 

'  Schiff,  Pfliiger's  Arch.,  3.  See  Stadelmann,  Der  Icterus,  and  the  dissertations  of 
his  pupils,  especially  Winteler,  **Experimcntelle  Beitrage  zur  Frage  des  Kreislaufes 
der  Galle'*  (Inaug.-Diss.  Dorpat,  1892),  and  Giirtner,  " Experimentelle  Beitriige  zur 
Physiol,  und  Path,  der  Gallensekretion  "  (Inaug.-Diss.  Jurjew,  1893);  also  Stadelmann, 
"Ueber  den  Kreislauf  der  Galle,"  Zeitschr.  f.  Biologic,  34. 
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brown ^  bro^^mLsh -green,  grass-green,  or  bluish-green.    Bile  obtained  from 
an  exeeut4?d  person  immediately  after  death  is  ordinarily  golden-yellow  or 
yellow  with  a  shade  of  bro\\Ti.     Still  cases  occur  in  which  fresh  human  bile 
from  the  gall-bladder  has  a  green  color.      The  ordinary  post-mortem  bDe 
has  a  variable  color.     The  bile  of  certain  animals  has  a  peculiar  odor;  as 
example,  ox-bile  has  an  odor  of  musk,  especially  on  warming.     The  taste 
of  bile  is  also  different  in  different  animals.     Human  as  well  as  ox-bile  has 
a  bitter  taste  with  a  sweetish  after-taste.     The  bile  of  the  pig  and  rabbit 
has  an  intensely  persistent  bitter  taste.    On  heating  bile  to  boiling  it  does 
not  coagulate.     It  contains  (in  the  ox)  only  traces  of  true  mucin,  and  its 
ropy  properties  depend,  it  seems,  chiefly  on  the  presence  of  a  nucleoalbumin 
similar  to  mucin  (P.4.ijkull).     Hammaksten  *  has,  on  the  contrary',  found 
true  mucin  in  human  bOe.     The  specific  constituents  of  the  bile  are  Me- 
acids  combine<J  with  alkalies,  bile-pigments,  and,  besides  small  quantities  of 
kcitkin,  cholestenn^  soaps^  neidral  faiSf  ureo,  ethereal  sitlphuric  acidj  traces 
of  canjugakd  gluturonic  acids  and  mineral  siibstanceSj   chiefly   chlorides^ 
besides  phosphates  of  calcium,  mj^nesiumi  and  iron.     Traces  of  copper 
also  occur. 

Bile-salts,  The  bile-acids  which  thus  far  have  best  been  studied  may 
be  di\' idal  into  two  groups,  the  glycochoHc  and  iaurochoUc  acid  groups.  As 
found  by  H^M3kL\RSTEN,^  a  third  group  of  bile-acids  occurs  in  the  shark  and 
probably  also  in  other  animals.  These  are  rich  in  sulphur,  and  like  the  ethe- 
real  sulphuric  acids  they  split  off  sulphuric  acid  on  boiling  with  hydro- 
chloric acid.  All  glycocholic  acids  contain  nitrogen ,  but  are  free  from  sulphur 
and  can  be  split  with  the  addition  of  water  into  glycocoll  (aminoacetic  acid) 
and  a  nitrogen-free  acid,  cholic  acid.  All  taurocholic  acids  contain  nitrogen 
and  sulphur  ami  are  split,  with  the  addition  of  water,  into  taurin  (amino- 
ethylsulphonic  acid)  and  cholic  acid.  The  reason  for  the  exbtence  of  differ- 
ent glycocholic  and  taurocholic  acids  depends  on  the  fact  that  there  are 
several  cholic  acids. 

The  conjugated  bile-acid  found  in  the  shark,  and  called  scymnol  sidphuric  acid 
by  Hammarsten^  yields  as  eleavage  products  sulphuric  acid  and  a  non-nit rogenous 
sahstaDce,  sajmnol  (C^HjoOu),  which  gives  the  characteristic  color  reactions  of 
cholic  acid. 


The  different  bile-acids  occur  in  the  bile  as  alkali  salts,  generally  in 
combination  with  sodiiun  and  also  in  sea-fishes,  although  this  Is  contrary* 
to  the  older  statements  (Zanetti").  In  the  bile  of  certain  animals  w^ 
find  almost  solely  glycochoUc  acid,  in  others  only  taurocholic  acid,  and 
in  other  animals  a  mixture  of  both  (see  further  on)* 


*PaiJkull,  Zeitschr  (,  physml  Chem.,  12;  Hammaraten,  L  c»»  Nova  Act.  (3),  16. 
•Hammarsten,  Zeitschr.  f.  physiol.  Chem,,  24. 
'  See  Chem.  CentralbL,  1903,  1.  ISO. 
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All  alkali  salts  of  the  biliarj'  acids  are  soluble  in  water  and  alcohol,  but 
insoluble  in  ether.  Their  solutioa  in  alcohol  is  therefore  precipitated  by 
ether,  and  this  precipitate,  with  proper  care  in  manipulation,  gives,  for 
nearly  all  kinds  of  bile  thus  far  investigated,  rosettes  or  balls  of  fine  needles 
or  four-  to  six-sided  prisms  (Plattner's  crj-stallized  bile).  Fresh  human 
bile  also  cr>%stallizes  readily.  The  l>ile-acids  and  their  salts  are  optically 
active  and  dextrorotator}'.  The  former  are  dissolved  by  concentrated  sul- 
phuric acid  at  the  ordinary'-  temperature,  forming  a  reddish-yellow  liquid 
wl^ich  has  a  Ijcautiful  green  fluorescence.  On  carefully  warming  with  con- 
centratetl  sulphuric  acid  and  a  little  cane-sugar,  the  bile-acids  give  a  beauti- 
ful eherr>*'red  or  reddish-violet  Uquid.  Pettenkofer  's  reaction  for  bile- 
acids  is  based  on  this  behavior. 

Pettenkofer'S  test  for  bile^cids  is  performed  as  follows:  A  small 
quantity  of  bile  in  substance  is  dissolved  in  a  small  porcelain  dish  in  con- 
centrated sulphuric  acid  and  warmed,  or  some  of  the  liquid  containing  the 
bile-acids  is  mLxetl  with  concentratetl  sulphuric  atnd,  taking  spe<*ial  care  in 
both  cases  that  the  temperature  does  not  rise  higher  than  60^70°  C.  Then 
a  10  per  cent  solution  of  cane-sugar  is  added,  drop  by  drop,  continually 
stirring  with  a  glass  rod.  The  presence  of  bile  is  indicated  by  the  produc- 
tion of  a  beautiful  red  liquid,  whose  color  does  not  disappear  at  the  ordinar>^ 
temperature,  but  becomes  more  bluish  violet  in  the  course  of  a  day .  This 
re<i  liquid  shows  a  spectrum  with  two  absorption-bands »  the  one  at  F  and 
the  other  between  D  and  E^  near  E. 

This  extremely  delicate  test  fails,  however^  when  the  solution  is 
heate<l  too  high  or  if  an  improper  quantity — ^generally  too  much — of 
the  sugar  is  added.  In  the  last-mentioned  case  the  sugar  easily  car- 
bonizes and  the  test  becomes  brown  or  dark  broivTx.  The  reaction  fails 
if  the  sulphuric  acid  contains  sulphurous  acid  or  the  lower  oxides  of  nitro- 
gen. Many  other  substances,  such  as  proteids,  oleic  acid,  amyl  alcohol, 
and  morphine,  give  a  similar  reaction,  and  therefore  in  doubtful  cases 
the  spectroscopic  examination  of  the  red  solution  must  not  be  for- 
gotten. 

Pettenkofer 's  test  for  the  bile-acids  depends  essentially  on  the  fact 
that  furfurol  is  formed  from  the  sugar  by  the  sulphuric  acid,  and  this  bal}- 
in  therefore  be  substituted  for  the  sugar  in  this  test  (M^tjus).  Accord- 
ing to  Mvnus  and  v,  roRANSzKy^  alp.  m.  solution  of  furfurol  should 
be  used.  Dissolve  the  bile,  which  must  first  be  purified  by  animal  charcoal, 
in  alcohol.  To  each  cubic  centimeter  of  alcoholic  solution  of  bile  in  a  test- 
tube  add  1  drop  of  the  furfurol  solution  and  1  c,  c,  concentrated  sul- 
phuric acid,  and  cool  when  necessary',  so  that  the  test  does  not  become  too 
warm.    This  reaction,  when  performed  as  described,  will  detect  ^V  ^*^  iV 


'  MyUuH,  Z«itachr.  f.  physioL  Cbem.,  11;  v.  TJdranszky,  i&vd.,  12. 
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milligram  cholic  acid  (v.  Udranszky).    Other  modifications  of  Petten- 

kofer\s  test  have  been  proposed. 

Glycocholic  Acid.  The  constitution  of  the  glyco cholic  acid,  occurring 
in  human  and  ox-bile,  and  which  has  been  most  studied  is  represented  by 
the  formula  Cji,H^NO«.  Glycocholic  acid  is  absent  or  nearly  so  in  the  bile 
of  carnivora.  On  boiling  with  acidi?  or  alkalies  this  acid,  which  is  analogous 
to  hippiiric  acid^  is  converted  into  cholic  acid  and  glycocolh 

Glycocholic  acid  cn'stallizes  in  fine,  colorless  needles  or  prisms.  It  is 
soluble  with  difficulty  in  water  (in  about  300  parts  cold  and  120  parts  boil- 
ing water),  and  is  easily  precipitated  from  its  alkali-salt  solution  by  the 
addition  of  dilute  mineral  acids.  It  \s  readily  soluble  in  strong  alcohol,  but 
with  great  difficulty  in  ether.  The  solutions  have  a  bitter  but  at  the  same 
time  swwtish  taste.  Tlie  acid  melts  at  138-140°  C.  (MED\rEDEW^  0.  The 
salts  of  the  alkalies  and  alkaline  earths  are  soluble  in  alcohol  and  water; 
those  of  the  heavy  metals  are  mostly  insoluble  or  soluble  with  difficulty 
in  w^ater*  The  solution  of  the  alkali  salts  in  water  is  precipitated  by  sugar 
of  lead,  cupric  and  ferric  salts,  and  silver  nitrate. 

Glycocholeic  Acid  is  a  second  glycocholic  acid,  first  isolated  by  Wahl- 
GREN  *  from  ox-bile  and  has  the  formula  0^1143X05  or  Cj^H^jNO^.  This 
acid,  which  on  hydrolytic  cleavage  yields  glyeoeoll  and  choleic  acid,  has 
also  been  detected  in  human  bile  and  the  bile  of  the  musk-ox  (I1.\mmar- 
BTEN*), 

Glycocholeic  af*id  may,  like  glycochohc  acid,  cr^^stallize  in  tufts  of 
fine  needles,  but  is  often  obtained  as  short  thick  prisms.  It  is  much  more 
insoluble  in  water,  even  on  boiling,  than  glycocholic  acid,  and  it  melts  at 
\7b-il&^  C-  The  alkali  salts  are  soluble  in  water  and  have  a  pure  bitter 
taste  and  are  more  readily  precipitated  by  neutral  salt^?  (NaCl)  than  the 
glycocholates.  The  solution  of  the  alkali  salts  is  not  only  precipitateil 
by  the  salts  of  the  heavy  metals,  but  also  by  the  salts  of  barium,  calcium 
and  magnesium. 

The  preparation  of  the  pure  glycocholic  acids  may  be  performed  in  several 
ways.  The  bile,  which  hits  been  freed  from  mucus  by  means  of  alcohol  and 
the  alcohol  removed  by  evaporation,  may  be  precipitateil  by  a  solution  of 
lead  acetate.  The  precipitate  is  then  decomposed  by  a  soda  solution  and 
heat,  evaporatwl  to  dryness,  and  the  residue  extracted  with  alcohol,  which 
dissolves  the  alkali  glycocholate.  The  alcohol  is  distilled  from  the  filtered 
solution  and  the  residue  dissolved  in  water;  this  solutio!i  is  now  dc^'olorized 
by  animal  charcoal  and  the  glycrK»holic  acid  precipitated  from  the  solution 
bv  the  addition  of  a  dilute  mineral  acid.  The  mixture  of  the  two  f  lyco 
enolic  acids  is  freed  from  mineral  acid  Ijy  carefully  wasliing  with  w^ater 


'Centralbl  f,  Physioh,  14. 

'  Zeit^hr,  f.  physiol,  Chem.,  36. 

*  Not  puhlished. 
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and  then  boiled  with  water,  when  the  glycochoHc  acid  tlissolves  and  may 
be  obtained  from  the  filtrate  as  cn^stals  on  cooling »  The  glycocholeic  acid 
with  some  transformed  glycocholic  acitl  (paraglycocholic  acid)  remains 
nndissi:)lved  and  may  be  purified  by  convertinfE  it  into  the  iasolul>le  barium 
sa!t.  The  reader  is  referred  to  more  exhaustive  works  for  other  methods 
of  preparation , 

Hyo-glycocliolic  Acid,  C^rHiaNOs,  IS  the  erystaUine  glycochohc  acid  obtained 
from  the  bile  of  the  pif^*  It  is  very  insoluble  in  water.  The  alkali  salts^  whose 
solutions  have  an  intensely  bitter  taste,  without  any  sweetish  after-ta^tci  ar& 
■preeipitiited  by  VnVUf  Utit\  and  IMgC'l^,  and  may  be  salted  out  like  a  soap  by 
AOji^O,  ^vhen  added  io  sufReieut  quantity*  Bei^ides  this  acid  there  occurs  in  the 
bile  of  the  pig  still  another  glycoehohe  acid  (Jolin*). 

The  glycochoUte  in  the  bile  of  the  rodent  is  also  preeipitiited  by  the  above- 
mentioned  HJilt.s,  but  cannot,  like  the  corres}>onding  salt  in  human  or  ox-bile,  be 
precipitated  on  saturating  with  a  neutral  salt  (Na^HOi).  Guano  bile-add  possibly 
belongs  to  the  ^lycoeholif-acid  group^  and  is  found  in  Peruvian  guano,  but  has 
not  been  thoroughly  studied. 

Taurocholic  Acid.  This  acid,  which  is  found  in  the  bile  of  man,  car- 
nivora,  oxen,  and  a  few  other  herbivora,  such  as  sheep  and  goats,  has  the 
eonstitution  CjoH^^NSO^*  On  boiling  with  acids  and  alkalies  it  splits  into 
eholic  acid  and  taurtn. 

Taurocholic  acid  may  be  obtaine<l,  though  only  with  difficulty,  in  fine 
needles  which  deliquesce  in  the  air  (Parke  ^).  It  is  very  soluble  in  water 
and  can  hold  the  difneultly  soluble  glyeocholic  acid  in  stdution.  This  is 
the  reason  why  a  mixture  of  glycocholatc  with  a  sufhcicnt  quant  it}'  of 
taurocholate,  which  often  occurs  in  ox-bile,  is  not  precipitatetl  by  a  dilutee 
acid*  Taurocholic  acid  is  reatlily  sohible  in  alcohol,  but  insoluble  in  ether. 
Its  solutions  have  a  bittor-sw^et  taste.  Its  salts  are,  as  a  rule,  readily  solu- 
ble in  water,  and  the  solutions  of  the  alkali  salts  are  not  precipitated  by 
copper  sulphate,  silver  nitrate,  or  sugar  of  lead.  Basic  lead  acetate  gives, 
on  the  contrary,  a  precipitate  which  is  soluble  in  boiling  alcohol. 

Taurocholic  acid  is  best  prepared  from  decolorized,  crj'stallized  dog-bile, 
which  ccmtains  only  tauncholate.  The  solution  of  this  bile  is  pretupitatt4 
by  ba^ic  lead  acetate  and  annnonia  and  the  washed  precipitate  dissolved  in 
boiling  alcohol.  The  filtrate  is  now  treate^l  with  ILS,  and  this  filtrate  is 
evaporat«?fl  at  a  gentle  heat  to  a  small  volume  and  treateii  with  an  excess 
of  water^free  ether.    The  acid  sometimes  partially  crystallizes. 

Cheno-taurocholic   Acid.      This  is  the  most  eseential  acid  of  goose-bile  and 
'has  the  formula  CjoH^r^NSO^.    Tliis  acid,  though  little  studied,  is  amorphous 
and  soluble  in  water  and  alcohol. 


The  taurocholic  acids  differ  from  the  glyeocholic  acitls  in  being  readily 
[soluble  in  water.    In  the  bile  of  the  walrus,  on  the  contrary,  a  relatively 
insoluble,  readily  cr\'stallizable  taurocholic  acid  occurs  which  can  be  pre- 

*  Zeit«chr.  L  physiol  Chem,  12  and  13. 

'  Happc-Scykr,  Mcd.-chcm.  Untcrauch.,  160» 
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cipitated  from  the  solution  of  the  alkali  salts  by  the  addition  of 
acids,  similar  to  glycocholic  acid  (Hammarsten*  *). 

As  repeated V  mentioned  above,  the  two  bile-acids  spht  on  boiling  wit^ 
acids  or  alkalies  into  non-nitrogenous  cbolic  acids  and  glycocoll  or  taurin 
Of  the  various  cholic  acids  the  follo%Ying  have  been  best  studieiL 

Cholic  Acid  or  Cholalic  Acid*    The  ordinary'  eholic  acid  obtained  fl£  { 
decomposition  prcduct  of  human  and  ox-bilci  which  occurs  regularly  in  1 
contents  of  the  intestine  and  in  the  urine  in  icterus,  has,  according  t^ 
Strecker  and  nearly  all  recent  investigators^  the  constitution  Cj^H^uOj* 

i  CHOH 
CjjjHji  \  (CH,(>H)2.    According   to   Mylius,'  cholic   acid   is   a   monobasic 

(  COOH 

alcohol-acid  with  one  secondarj^  and  two  priniar>^  alcohol  groups.  On  oxida- 
tion it  first  yields  dekydrocholic  acid  (Haaimarsten)*  On  further  oxidatioa 
biUanic  acidj  Cj^H^^Oa  (Cleve),  is  obtained,  or,  more  correctly,  accord ifle  to 
Lassar-Cohn  and  Pregl,  a  mixture  of  bilianic  and  wobilumic  acids.  On 
the  oxidation  of  bilianic  acid  it  yields  ciUanic  add  (Lassar-Cohx),  whose 
formula,  according  to  Pregl,  is  C^^Jd^,  On  stronger  oxidation  it  yields 
cholesterinic  acid,  which  has  not  been  carefully  studied;  and  finally  phthalic 
acid,  as  maintained  by  S^nkowskI;  but  not  substantiated  by  Bia.NHEiMor 
Pregl.'  On  reduction  (in  putrefaction)  cholic  acid  may  yield  desoxycMic 
acid,  CjiH^O^  (Myuus).  On  reduction  with  hydriodic  acid  and  red  phos- 
phorus Pregl  obtained  a  product  which  he  considers  as  a  monocarbonic  acid, 

with  the  formula  Cj^Hji  \  (CH3)2.    S^xkowski  has  obtaine^l  an  acid  'with  the 

(COOH 
formula  CjiH^^jOj,  chohjlie  acid^  on  the  reduction  of  the  anhydride.* 

Cholic  acid  crystallizes  partly  in  rhombic  plates  or  prisms  with  one 
molecule  of  water  and  partly  in  larger  rhombic  tetrahedra  or  octahedra 
with  1  molecule  of  alcohol  of  crystallization  (Mylius).  These  crystiils 
become  quickly  opaque  and  porcelain-white  in  the  air.  They  are  quite 
insoluble  in  wat^r  {in  4000  parts  cold  and  750  parts  boiling),  rather  soluble 
in  alcohol^  but  soluble  with  difficulty  in  ether.  The  amorphous  cliolic  acid 
is  less  insoluble.  The  solutions  have  a  bitter-sweetish  taste.  The  crys- 
tals lose  their  alcohol  of  cr^^stalli nation  only  after  a  lengthy  heating  to 
100-120°  C.  The  acid  free  from  water  and  alrohol  melts  at  195''  C.  It 
forms  a  characteristic  combination  with  iodine  (Mvlius), 

*  Not  published. 

^  The  important  researches  of  Streaker  on  the  bile-acids  may  be  found  in  AnnaL  d. 
Chem.  u.  PlmrriL,  (m,  t>7,  and  70;   Myliiis,  Ber.  d.  deutiich.  chem.  Geselbch.,  19, 

'  Hammaniten,  Bcr.  tl,  dcutsch.  chem.  Gesellsch.,  14;  Clevc,  Bull.  Soc.  chim.,  33; 
Lassar-Cohn,  Ber.  d.  d.  chem.  Geselbch.,  32;  Pregl,  Wieii.  Sitz--Ber.,  Ill,  1902;  S^it- 
kowski.  Monat^hefte  f.  Chem.,  17 ;  Bulnheim,  Zeltschr.  f.  physioLChcm.,  25,  in  which  the 
literature  on  cholesterinic  ackl  may  be  found. 

*  Mylius,  I.  c;  Pregl,  Pfluger's  Arch.,  71;  S^nkowski.  Monatshefte  f.  Chem.,  1ft. 
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Tlie  alkali  salts  are  readily  Boluble  in  water^  but  when  treated  ^ith  a 
ronrentrated  caustic  or  carbonate*:!  alkali  solution  may  be  separated  as  an 
oily  mass  which  becomes  crystalline  on  cooling.  The  alkali  salts  are  not 
readily  soluble  in  alcohol,  and  on  the  evaporation  of  the  alcohol  they  nmy 
crystallize.  The  s-pei-ific  rotatory  power  of  the  sodium  Bait  is  (a)u=  + 
3L4°,*  The  watery  solution  of  the  alkali  salts,  when  not  too  dilute,  IB 
precipitated  immediately  or  after  some  time  by  sugar  of  lead  or  by  barium 
chloride.  The  barium  salt  crystallizes  in  fine,  silky  needles,  and  it  is  rather 
insoluble  in  cold  but  some^vhat  easily  soluble  in  warm  water.  The  barium 
salt,  as  well  as  the  lea^:!  salt  which  is  insohible  in  water,  is  soluble  in  warm 
alcohnl , 

Choteic  Acid  (C25H^jO^,  LATsa^ixoFr)  is  another  cholic  acid  which^ 
according  to  Lassar-Cohn^  has  the  formula  C2|H4y04.  This  acid,  which 
occurs  in  var>'Uig  but  always  small  quantities  in  ux-bile,  yields  dchydro^ 
choleic  aeid,  C^Jrl^(\f  and  then  cholanic  acidj  Q^^^^^\f  and  isocholanic  acid 
on  oxidation, 

Choleic  acid  crystallizes  when  free  from  water  in  hexagonal,  vitreous 
^-prisms  with  pointed  ends,  melting  at  1S5-190°C.  The  crystalline  arid  con- 
^Hatning  water  melts  at  135-140°  C,  (Latschinoff).  The  acid  dissolves  in 
^■rater  with  difficulty  ami  is  alsrv  relatively  rlifficidtly  soluble  in  alrohoh  It 
^■las  an  intense  bitter  taste  and  gives  the  Mvurs  iodine  reaction  for  cholic 
^Keid.  The  specifie  rotation  is  (a)D= +48.87°  (VahlKiN).  The  barium 
^palt  which  er\^stallizes  from  the  hot  alcoholic  solution  as  s|>herical  aggre- 
gations of  radial  nee<.lles  is  more  tliffieultly  soluble  in  water  than  the 
corresponding  cholate. 

fcThe  relation  of  eholeic  acid  to  dcsoxjichoUc  and  is  not  knoivn.  Accord- 
g  to  Latscuixoff  and  La}^sar-C*ohn  both  arids  arc  identiml,  and  the  fart  that 
e  desoxycliolic  acid  on  oxidation  al-^o  yields  dchydrocholeic  acid  and  cholanic 
:i<i  seems  to  prove  thiis  (pRK<a.),  DesiixycboHc  arid  is»  on  the  contrary,  readily 
ewjluble  in  alcohol  and  has  a  lower  meltiiig-pointj  namely  172-173''  C,  when  frcfe 
»from  water  (Phegl).  For  this  reiisori  Pregl*  questions  whether  these  acids  are 
pdentical  or  are  isomeric  sulistances. 
Both  cholic  acids  are  best  prepared  from  ox-bile  which  has  been  boiled 
for  tw^enty-four  hours  with  barj^ta-water  or  caustic  sotla.  According  to 
Mylius,*  boil  the  bile  for  tw^enty-four  hours  with  five  parts  its  weight  of  a  30 
^Bper  cent  caustic-soda  solution,  replacing  the  water  lost  by  evaporation.  Now 
^naturate  the  liquid  with  CO,  and  evaporate  nearly  to  dr^^ness.  The  residue 
^■s  extracted  with  96  per  c^nt  alcohol  and  this  alcciholic  extract  diluted 
"^ith  water  until  it  contains  at  the  most  20  per  cent  alcohol;  it  is  then  cora- 

*  See  Vayen,  Zeitschr.  f.  physiol.  Chem.,  21. 

'  Latschinoff-  Ber  d.  deutsch.  chem.  Ges^^llscL,  18  and  20;  Lassar-Cohn,  t&trf.,  £8, 
and  Zeitschr,  f.  physiol.  Chem.»  17.     Sec  also  V'ahlen,  Zeitschr  f,  physioL  Chem..  23. 
I  >  Wien,  Sitz.-Ber,  111;  Math.  Natun^-.  Kl,  1002;   LatschinofF,  i  c;  Laasar-Cohn, 

I  c.     See  also  Myliiis»  Ber.  d,  tl  chem.  Gesellsch.,  10. 

*Zeitschr.  f.  physiol.  Chem.,  12. 
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pletely  precipitated  with  a  BaClj  solution.    The  precipitate,  which  cent 
besides  fatty  acids  also  the  choleic  acid»  b  filtered  and  the  chohc  acid  pn 
cipitated  fmm  the  filtrate  by  hydrocidoric  acid.     After  the  cholic  aeid  has 
^gradually  cr>'stallized  out  it  is  repeatedly  recrj^stallized  from  alcohol  or 
methyl  alcohol 

Cht^lcic  acid  may  be  obtained  from  the  above-mentioned  barium  pre^ 
cipitate  by  first  convertinpj  the  barium  salt  into  sodium  salt  by  sodium  car- 
bonate and  then  fractionally  preciTiitatintr  the  fatty  acids  by  barium  acetate 
and  separating  the  choleic  acid  from  the  filtrate  by  hydrochloric  acid  and 
recry^stallizio^  several  times  from  ^^lacitd  acetic  acid,  , 

pREGL  *    haxS  8Ujs;g(?sted  a  si>mewhat  different  but  simpler  meth<>J  fori 
preparing  cholic  acid  and  obtaining  the  desoxy cholic  acid  from  ox-bile.  Il^ 
regard  to  this  as  well  m  other  methods  of  prejiaration  we  must  refer  to 
the  ori";inal  communications  and  to  other  handbooks. 


Fellic  Acid,  C^alTuP^.  is  a  cholic  acid,  so  calle<^l  by  Schottex,  which 
he  obtained  from  human  bile,  along  with  the  ordinary  acid.  This  acid  is 
crj'stalline,  Ls  insoluble  in  water,  and  yields  barium  and  magnesium  salts 
^'hich  are  ver\^  iasoluble.  It  does  not  re,spond  to  Pettkxkofeb's  reaction 
easily  and  gives  a  more  reddLsh-blue  color. 

The  conjugate  acids  of  human  bile  have  not  been  sufficiently  inv©ti- 
gated.     To  all  appearance  human  bile  contains  under  different  circum- 
stances various  conjugate  bUe-aciiLs.     In  some  cayes  the  bOe-salts  of  hunia^^ 
bile  arc  precipitated  by  BaClj  and  in  othei^  not.     According  to  the  late^"^ 
statements  of  Lassar-Cohn  ^  three  cholic  acids  may  be  prepared  fn)ir*^ 
human  bile,  namely,  ordinary-  cholic  acid,  cholfjc  acid,  and  fellic  xcit^' 

Lithofelllc   Add,  C'2^,H^rt()^,  i^;  the  ^cld  related  to  cholic   acid  which  occurs  i 
the  nrientiil  bezoiir  storie!^,  which  is  insoluble  in  water,  comparatively  e-aaily  sol\^^ 
ble  in  alcohol,  but  only  slightly  soluble  in  ether.^ 

The  hyo-glycocholic  and  cheno-tannjcholic  acids j  as  well  as  the  gly 
-cholic  acid  of  the  bile  of  nidents,  yield  corrc*sponduig  cholic  aciiLs.  In  thi 
polar  bear  a  third  cholic  acid  exists  besides  cholic  and  choleic  acids.  It? 
is  called  ursocholcic  aculf  Ci^^oO^  or  C^jHasO^  {Hammarsten  *).  The  bile? 
of  other  animals  (walrus,  sea-dog)  contains  special  choUc  acids  (IIamaur-- 

On  boiling  with  acidS;  on  putrefaction  in  the  intestine^  or  on  heatings 
cholic  acids  lose  water  and  are  converted  into  anhydrides,  the  so-called 
dyslfjsins.     The  dyslysin,  Cj^Ha^Og,  corresponding  to  ordinar\*  cholic  acid. 


Laasar-Cohn,  Ber.  d,  deutsch.  chem. 


*L,  c,  Wien.  Sitzber. 

'Schottcn,  Zeitschn  f.  physiol,  Chem.,  11; 
Ge8€llscii.,27. 

*S€e  Junger  and  Klages,  Ber.  d.  deutsch.  chetn.  Gesellsch.,  28  (older  literature), 

*  Zeitschr.  f,  physlol  Chera.,  3*i. 

*  Not  pul>lbhed. 
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the  yellow-colored  tissue  in  icterus.  It  is  converted  into  hydrobilirubin, 
CsjH^tjN^O,  (Maly),  by  hydrogen  in  a  nascent  state^  and  then  shows  great 
simikrity  to  the  urinarj'  pigment,  urobUin,  as  well  as  to  siercobilin  found  in 
the  contents  of  the  intestine  (Masius  and  Vanlair  ^).  On  careful  oxida- 
tion bilimbin  yields  biliverdm  and  other  coloring-matters  (see  below). 

Bilirubin  is  derived  from  the  blood-pigment.  It  has  the  same  percentage 
composition  as  h^matoporphyrin  and  Kke  hiematin  it  yields  hapmatinic 
acid  iniide  as  an  oxidation  product  (Kuster  ^), 

Bilimbin  is  partly  amorphous  and  partly  cr\^stalline.  The  amorphous 
bilirubin  is  a  reddish-yeOow  powder  of  nearly  the  same  color  as  amorphous 
antimony  sulphide;  the  cr}*stxdliiie  bilirubin  has  nearly  the  same  color  as 
crj^stailized  chromic  acid.  The  crj'Stals,  which  can  easily  be  obtained  by 
allowing  a  solution  of  bilirubin  in  chloroform  to  evaporate  spontaneously, 
are  reddish-yellow,  rhombic  plates,  whose  obtuse  angles  are  often  rounded. 
On  cr>'stallizing  from  hot  dimethylaniline  it  forms  on  cooling  broad  columns 
with  both  ends  sharply  cut* 

Bilirubin  is  insoluble  in  water  and  occurs  in  animal  fluids  as  soluble 
bilirubin-alkali.  It  Is  very  slightly  soluble  m  ether,  benzene,  carbon 
disulphide,  amyl  alcohol,  fatty  oils,  and  glycerine.  It  is  somewhat  more 
soluble  in  alcohoL  In  cold  chloroform  it  dissolves  in  the  proportion  of 
1:600  and  is  much  more  readily  soluble  in  warm  cldorofomi.  In  cold  di- 
methylaniline it  dissolves  in  the  proportion  of  1 :  100,  and  in  hot  dimethyl- 
aniline  much  more  readily.  Its  solutions  show  no  absoriitinn-bantls, 
but  only  a  continuoXLs  absorption  from  the  red  to  the  violet  end  of  the 
spectrum,  and  they  have,  even  on  dduting  greatly  (1: 500000) »  in  a  layer 
L5  c,  m.  thick  a  decided  yellow  color.  If  a  dilute  solution  of  bUinibin* 
alkali  in  water  is  treated  with  an  excess  of  ammonia  and  then  with  a  zinc- 
chloride  solution,  the  liquid  i%  first  colored  deep  orange  and  then  gradually 
&live-brown  and  then  green.  This  solution  first  gives  a  darkening  of  the 
riolet  and  blue  part  of  the  spectrum  and  then  the  bands  of  alkaline  chole- 
cyanin  (see  below),  or  at  least  the  bands  of  this  pigment  in  the  red  between 
C  and  D  close  to  C.  This  is  a  good  reaction  for  biliruliin.  The  combina- 
tions of  bilirubin  with  alkalies  are  insoluble  in  chloroform,  and  bilirubin 
may  be  separated  from  its  solution  in  chloroform  by  shaking  with  dilute 
caustic  alkali  (differing  from  lutein),  Solutions  of  l»ilirubin-aika!i  in  water 
are  precipitated  bv  the  soluble  salts  of  the  alkiiline  earths  and  also  by 
metallic  sali*^ 

If  an  alkaliiie  sulution  of  bilimbin  be  allowed  to  stand  in  contact  with 
the  air,  it  gradually  absorljs  oxygen  and  green  biliverdin  is  formed.  This 
process  is  accelerated  by  warming.     According  to  Klstkr  in.  this  ca«e 


^Maly'9  Wien.  Bitzung^ber,  67,  and  Animl.  d. 
Centralbi   T  d.  med.  Wiascnsch,  1871*  309, 
'  ZeiU^^hr,  f  physiol.  Chera.,  80  and  ^, 


Cbem.^  UVi;    Masius  tmd  Vaulair. 
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the  aikali  also  has  a  splitting  action  upon  the  pigment  and  not  one  body  but 
Dveral  are  formed.  Biliverdin  is  also  formed  from  bilirubin  by  oxidation 
'linder  other  conditions,  A  green  coloring-matter  fiimilar  in  appearance  is 
formerl  by  the  action  of  other  reagents  such  as  CI,  Br^  and  I.  According  to 
JoLtK^i  *  by  the  use  of  HtBL't*  iodine  solution  biliverdin  is  produced,  while 

I  according  to  others  (Thudichum,  AIaly  *)  substitution  products  of  bili- 
rubin are  fonned. 
t  Gmelin's  Reaclion  for  Bilc-pigimnts.  If  one  carefully  pours  under  a 
iBolution  of  bilirubin-alkah  in  water  nitric  acid  containing  some  nitrous  acid» 
Sthere  is  obtained  a  series  of  colored  layers  at  the  juncture  of  the  two  liquids 
in  the  foUow^ing  order  from  above  downwards :  green,  blue,  violet,  red,  and 
reddish-yellow.  This  color  reaction,  Gmp^lin's  test^  is  very  delicate  and 
serves  to  detect  the  presence  of  one  part  bilirubin  in  80,000  parts  Hquid. 
The  green  ring  must  never  be  absent;  and  also  the  reddish- violet  must  be 

P present  at  the  same  time,  other^vLse  the  reaction  may  be  confused  with  that 
lor  lutein,  which  gives  a  blue  or  greenish  ring.  The  nitric  acid  must  not 
contain  too  much  nitrous  acid,  for  then  the  reaction  takes  place  too  quickly 
and  it  does  not  become  t\T:>ical.  Alcohol  must  not  be  present  in  the  liquid, 
because,  as  is  well  known,  it  gives  a  play  of  colors,  in  green  or  blue,  with 
the  acid. 

Hammarsten's  Reaetimi.    An  acid  is  first  prepared  consisting  of  1  vol 
nitric  acid  and  19  vols,  hydrochloric  acid  {each  acid  being  alxnit  25  percent). 

Kne  volume  of  this  acid  mixture,  w^hich  can  be  kept  for  at  least  a  year,  is, 
hen  it  has  become  yellow  by  standing,  mbced  with  4  vols,  alcohol.  If  a 
drop  of  bilirubin  solution  is  added  to  a  few  cubic  centimeters  of  this  color- 
less niLvture  a  permanent  Ijeautiful  green  color  Is  obtained  immediately. 
fin  the  further  addition  of  the  acid  mixture  to  the  green  liquid  all  the  colore 
i>f  Gmklix's  scale,  as  far  as  choletelin^  can  be  produced  consecutively, 

Huppkrt's  Reaction,     If  a  solution  cif  bilimbin-alkali  Is  treated  with 

iilk  of  lime  or  wnth  calcium  chloride  and  ammonia »  a  precipitate  is  pro- 

luced  consisting  of  bilinibin-calcium.     If  this  moist  precipitate,  which  has 

pn  washes]  with  wat^r,  b  placet!  in  a  test-tube  and  the  tube  half  filled  with 

llcohol  which  has  been  acidified  with  hydrochloric  acid,  and  heated  to  boiling 

tor  some  time,  the  liquid  becomes  emerald-green  or  bluish-green  in  color. 

In  regard  to  the  niotllfications  of  Gmelin's  test  and  certain  other  reac- 
ions  for  bile-pigments,  see  Chapter  XV  (Urine). 

That  the  characteiistic  play  of  colors  in  Gmelix's  test  is  the  resiUt  of 

oxidation  Is  generally  admitteth     The  first  oxidation  step  is  the  green 

jiUverdin.      Then   follows   n   blue  coloring-matter   which   Heixsius   and 


»  Kusier,  Ber,  d.  d.  chem,  Geaellsch,,  35;  JoDas,  Joum.  f.  prakt  Chem.  (N.  F.)»  ^^, 
aiid  Pfluger's  Arch.,  75. 

*  Thudichum,  Joum,  of  Chem.  Soc,  (2),  IS,  and  Joum,  T  prakt.  Chem.  (N*  FOt 
6S;  Midy,  Wien.  Sitzungsber. ,  72. 


272 


THE  LIVER. 


Campbell  call  biliajanin  and  Stok\^s  calls  cholecyaninj  and  which  shows  a 
characteristic  absorption-spectrum.  The  neutral  solutions  of  this  coloring- 
matter  are»  according  to  Stokvis,  bluiyh-green  or  steel-blue  with  a  beautiful 
blue  fluorescence.  The  alkaline  solutions  are  green  and  have  no  marked 
fluorescence,  ani  show  three  absorption-bands,  one  sharp  and  dark 
in  the  retl  between  C  and  D,  nearer  to  C;  a  second,  less  well  defined, 
covering  D;  and  a  third,  between  E  and  F,  near  E.  The  strongly  acid 
solutions  are  violet-blue  and  show  two  banils,  described  by  Jaff6,  between 
the  lines  C  and  E,  separated  frnm  each  other  by  a  narrow  space  near  D.  A 
third  band  between  b  and  F  is  seen  with  difficulty.  The  next  oxidation  step 
after  these  blue  coloring-matters  is  a  red  pigment,  and  lastly  a  yellowish* 
brown  pigment,  called  choleklin  by  Maly,  which  in  neutral  alcoholic 
solutions  does  not  give  any  absorption  spectrum,  but  in  acid  solution  gives 
a  band  between  b  and  F.  On  oxidizing  cholecyanin  with  lead  peroxide,- 
Stokvis  *  obtained  a  product  which  he  calls  choletelin,  which  is  quite  sim- 
ilar to  urinary  urobilin,  to  be  discussed  later. 

Bilirubin  is  best  prepared  from  gall-stones  of  oxen,  these  concretions 
being  ver}"  rich  in  bilinibin-calcium.  The  finely  powdered  concrement  is 
first  exhausted  with  ether  and  then  with  boiling  water,  so  as  to  remove  the 
chnlesteriri  and  bile-arids.  The  powder  m  then  treated  with  hydmchlonc 
acid,  which  sets  free  the  pigment;  washed  thoroughly  with  water  and  alcohol, 
dried » iind  extracted  repeatedly  with  boiling  chloroform.  The  bilirubin 
separates  from  the  chlorofonn  as  crusts,  which  are  treated  once  or  t^Aiee  in 
the  abive  manner.  It  Ls  then  extracteil  with  alcohol  and  i:;recipitate<l  from 
its  chlorofonn  solution  by  alcohol  (jr  er>'stallized  from  dimethylaniline. 
The  crusts  of  bilind:)in  which  separate  fmni  the  chloroform  solution  con- 
tain, accnnling  to  KtsTER.^a  pigment  related  to  biliruhin,  poorer  in  nitrogen 
and  also  precitMtable  by  alcohttl.  The  quantitative  estimation  of  liilirubin 
may  l>e  made  by  the  spectrophotometrical  method,  according  to  the  steps 
suggested  for  the  blocKl-coloring  matters. 

Biliverdin^  CiolIisXjO^.  This  Ixxiy^  which  Is  formed  by  the  oxidation  of 
bilinibin^  occurs  in  the  bDe  of  many  animals,  in  vomited  matter,  in  the 
placenta  of  the  bitch  (?),  in  the  shells  of  birds'  eggs,  in  the  urine  in  ictertas, 
and  sometimes  in  gall-stones,  although  in  ver}'  small  quantities. 

Biliverdin  is  amorphous;  at  least  it  has  not  been  obtained  in  well- 
defmcd  cr^^stals.  It  is  insoluble  in  water,  ether,  and  chloroform  (this  is 
true  at  least  for  the  artificially  prepared  bihverdin),  but  is  soluble  in  alcohol 
or  glacial  acetic  aeid^  showing  a  beautiful  green  color.  It  is  dissolved  by 
alkalies,  giving  a  brownish-green  color,  and  this  solution  is  precipitate<l  by 
acids ^  as  well  as  by  calcium,  barium,  and  lead  salts.     Biliverdin  gives 

*  Heinsias  and  Campbell,  Pfliiger's  Arch,  4;  Stokvis,  Centmlbl.  f-  d.  med 
Bciwch.,  1872,  785;  ibid,,  1873,  211  and  449 j  Jaff6,  ibid,,  1868;  Maly,  Wlen.  Sii 
ben,  4d. 

'  Ber  d.  d.  chem.  Geeellsch.*  SS. 
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RtPPERT's,  Gmelin's,  and  H.^fMARSTEN's  reactions,  oommencing  with 
thy  blue  color.  It  is  convertc^rl  into  hydrobilirubm  by  nascent  hydmgen. 
On  allowing  the  green  bile  io  standi  also  by  the  action  of  animoniiinj  sul- 
phide, the  bUiverdin  may  be  reduced  to  bilirubin  (Hayceaft  and  Sco field  *), 

rUliverdin  is  most  simply  prepared  by  allowing  a  thin  layer  of  an  alkaline 
soiuiion  of  bilinibin  to  8tand  exposed  to  the  air  in  a  dish  until  the  culur  is 
blijW'TiLsh-green,  The  solution  is  then  pret*i[>itated  by  hydrorhloric  aeid, 
the  precipitate  washed  with  water  until  no  llCl  reaction  k  obtaineil,  then 
dissolved  in  alcohol  and  the  pignieni  again  sejmrateil  by  the  addition  of 
water.  Any  bilinibin  present  may  be  removefl  by  means  of  chloroform. 
Huooi^'ENQ  and  Do  vox  *  prepared  biliverdin  from  bilirubin  by  the  action 
of  sodium  peroxide  ami  a  little  acid. 

Bill f man,  so  named  by  Stadeler,*  is  an  amorphous  brown  pigment  soluble 
in  nlt'ohol  atid  alkalies,  nearly  iusoluljlo  in  water  and  ether,  and   aoluble   with 
great  difficulty  in  chloroform  (when  bilirubin  b  not  prci^ent  at  the  same  time). 
Pure  bilif uscin  does  not  give  Gmklin's  reat'tion.     This  is  ato  true  for  the  bili- 
fuscin  prepared  by  v.  Zi  mbltsch,*  whix'h  is  more  like  a  htjtnin  substance  and 
whose  formula  is  C^HftoN^Oi,,     Bilifascin  has  been  found  in  giill-sloncs.     Bili- 
prmin  is  a  green  pignietit  prepared  by  StaoI':leii  from  gall-stones,  which  perhaps 
^  ofjy  a  mixture  of  biliverdin  an^l  bilirubin.     Dastre  aritj  Flohesco,*  im  the 
*^fitrar>%  consider  biliprasin  as  an  intermediate  steji  lictww^n  biliriil>in  arifl  bili- 
J^^^din.     According  to  them  it  occurs  as  a  [jhysiological  pi^nent  in  the  blaihkr 
oUp  fjf  several  animals  arwl  is  derived  from  bilirubin  by  oxidation.     This  oxiilation 
'^  brought  alxjut  by  an  oxidative  feniient  existing  in  the  bile.     Hfhhiimin  is  the 
^*arti<?  pvcu  by  *Stadelb:r  to  that  lirownLsh  amoqjhous  residue  which  is  left  after 
^'^."^'^racting  gall-stones  with  chloroform,  alcohol,   and  ether.     It   thy^g  not  give 
J^'AIElix's  test,     BUiajanin  is  also  found  in  human  gall-stones  {Heixsius  and 
V^Mpbkll).     Chotohcemutm,  so-called    by  MacMi  nx,  is  a  fiignient  often  occur- 
i^^35  in  sheep-  afid  ox-bile  and  characterized  by  four  jibsor|itJon-ba nds,  and  which 
f firmed  from  ha?matin  by  ihe  action  of  sodium  amalgam.     In  the  dried  condi- 
'^^  obtained  by  the  cvaporatiun  of   the  chloroform   solution   it   is   green,  and 
y^     aliH^holic    solution  olive-brown.     The    crystalline    hit, purpuric    isolated    by 

I^-OfiurscH  and  Fisculeu  *  from  ox-bile  is  probably  related  to  this  pigment, 
I  Gmeun's  and  HttppKRT'8  reactions  are  generally  used  to  detect  the 
iJ^fesence  of  bile-pigments  in  aruinal  fluids  or  ti^ues.  The  first,  as  a  nde, 
j^an  be  performed  three  tly,  and  the  presence  of  proteid  does  not  irxterfere 
iMlh  it,  but»  on  the  contrary,  it  brings  imt  the  play  of  colors  more  strik- 
^  ^g:ly.  If  blood-c(doring  matters  are  present  at  the  same  time,  the  bile* 
coloring  mattei^  are  first  precipitated  by  the  addition  uf  sodhmi  phosphate 
and  milk  of  lime.  This  precipitate  containing  the  bile-]iigments  may  be 
tiscfl  directly  in  Huppert'-s  reaction,  or  a  little  of  the  precipitate  may  be 
dissolve  1  in  IIammarstkN'S  reagent.  Bilirubin  is  detected  in  blood, 
according  to  Hedenius/  by  precipitating  the  proteins  by  alcohol,  filtering 


I 


^  CeiitralbL  f.  Physiol,  3,  222,  and  Zeitscbr.  f.  physiol.  Checa.,  14. 
^\rchdePhysioL(5),8. 

■  Cited  from  Hoppie-Seyler,  PhysioL  u.  Path,  chetrt.  Analyse,  6.  Aufl.,  225, 
*  Zeitschr.  t.  physiol  Cbem.,  SI, 
*Arch.  de  Physiol  (5),  d. 

•MacMunn,  Joura.  of  Physiol,  6j    Ix^ebisch  and  Fischler,  Wiea.  SiU.-Ber.,  112 
(1903). 

^  Upaaia  L&karef.  Fork,  29,  and  Maly  ^a  Jahreaber.,  24. 
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and  acidifying  the  filtrate  with  hydrochloric  or  sulphuiic  acid,  and  boiling. 
The  Uquid  b^mes  of  a  greenish  color.  Serum  and  serous  fluids  may  be 
boiled  directly  with  a  little  acid  after  the  addition  of  alcohol 

Besides  the  bile-acids  and  the  bile-pigm«its  there  occur  in  the  bile  also 
cholesierin,  lecithin,  jecorin  or  another  phosphatide,  palmitin,  stearin, 
olein,  myristic  acid  (Lassar-Cohn  '),  soaps,  ethereal  sulphuric  adds,  con-- 
jugated  glucuranates,  diastatic  and  proteolytic  enzymes.  Choline  and  glycero- 
phosphoric  acid,  wh«i  they  are  present,  may  be  considered  as  decom- 
position products  of  lecithin.  Urea  occurs,  though  only  as  traces,  as  a 
physiological  constituent  of  human,  ox,  and  dog  bile.  Urea  occurs  in  the 
bile  of  the  shark  and  ray  in  such  large  quantities  that  it  forms  one  of  the 
chief  constituents  of  the  bile.'  The  mineral  constituents  of  the  bile  are, 
besides  the  alkalies,  to  which  the  bile  acids  are  imited,  sodium  and  potas^ 
slum  chloride,  calcium  and  magnesium  phosphate,  and  iron — 0.OM).115 
p.  m.  in  human  bile,  chiefly  combined  with  phosphoric  acid  (Young  *). 
Traces  of  copper  are  habitually  present,  and  traces  of  zinc  are  often  found* 
Sulphates  are  entirely  absent,  or  occur  only  in  ven*  small  amounts. 

The  quantity  of  iron  in  the  bile  varies  greatly.  According  to  Xo%t  it 
is  dependent  upon  the  kind  of  food,  and  in  dogs  it  is  lowest  with  a  bread 
diet  and  highest  with  a  meat  diet.  According  to  Dastre  this  is  not  the 
case.  The  quantity  of  in)n  in  the  bile  varies  even  though  a  constant  diet  is 
maintained,  and  the  variation  is  dependent  upon  the  formation  and  destruc- 
tion of  blood.  According  to  Beccari  *  the  iron  does  not  disappear  from 
the  bile  in  inanition,  and  the  percentage  shows  no  constant  diminution. 
The  question  as  to  the  extent  of  elimination  by  the  bile  of  the  iron  intro- 
duceil  into  the  IxkIv  has  receiveil  various  answers.  There  is  no  doubt 
that  the  liver  has  the  property  of  collecting  and  retaining  iron  as  well  as 
other  metaLs  from  the  blooil.  Certain  investigators,  such  as  Xovi  and 
KuxKEL,  are  of  the  opinion  that  the  iron  intnxluceil  and  transitorily  retained 
in  the  liver  Ls  eliminated  by  the  bile,  while  others,  such  as  HAMnuRC.ER, 
GoTTLiEii,  and  Anselm.^  deny  any  such  elimination  of  iron  by  the  bile. 

Quantitative  Composition  of  the  Bih.  Complete  analyses  of  human  bile 
have  been  made  by  Hoppe-Seyler  and  his  pupils.  The  bile  was  removeii 
as  fresh  as  jxissible  from  the  gall-bladder  of  those  cadavers,  the  livers  of 
which  were  in  no  sense  pathological. 

*  Zeitschr.  f.  physiol.  Chem.,  17. 
'  Hammarsten,  ibid.,  24. 

*  Joum.  of  Anat.  and  Physiol.,  5,  15S. 

*  Novi.  see  Maly's  Jahresber.,  20;  Dastre,  Areh.  de  Ph>-sioL  (o\  3;  Beccari,  Arch. 
ital.  de  Biol.,  2S.  ' 

•Kunkel,  Pfluger's  .\rch.,  14;  Hamburger,  Zeitc>chr.  f.  ph\Viol.  Chem,,  2  and  4; 
Gottlieb,  iljid.,  15;  An^elm,  ''Ueber  die  Eisenausscheidimg  der  Galle."  Inaug.-Diss. 
Dorpat,  1891.     Sec  also  the  works  cited  in  fool-note  4,  page  206. 
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Older  and  less  complete  analyses  of  human  bile  have  been  made  by 
Prerichs  and  v.  Gorup-Besanez.*  The  bile  analyzed  by  them  was  from 
perfectly  healthy  persons  who  had  been  executed  or  accidentally  killed. 
The  two  analyses  of  Frerichs  are,  respectively,  of  (I)  an  IS-year-old  and 
(II)  a  22-year-old  male.  The  analyses  of  v.  Gorup-Besanez  are  of  (I)  a 
man  of  49  and  (II)  a  woman  of  29.  The  results  are,  as  usual,  in  parts 
per  1000. 

Frerichs.  y.  Gorup-Bebankx. 

I.                 II.  I.                 II. 

Water. 860.0        859.2  822.7        898.1 

Solids 140.0        140.8  177.3        101.9 

BUiary  salts 72.2          91.4  107.9          56.6 

Mucus  and  pigments 26.6          29.8  22.1           14.5 


Cholesterin 1.6  2.6 

Fat 3.2  9.2  f       ^' "  ""*' 

Inoiganic  substances 6.5  7.7  10.8  6.2 


Human  liver-bile  is  poorer  in  solids  than  the  bladder-bile.    In  several 

cases  it  contained  only  12-18  p.  m.  solids,  but  the  bile  in  these  cases  is 

hardly  to  be  considered  as  normal.    Jacobsen  found  22.4-22.8  p.   m. 

solids  in  a  specimen  of  bile.    Hammarsten,  who  had  occasion  to  analyze 

tlie  liver-bile  in  seven  cases  of  biliary  fistula,  has  repeatedly  found  25-28 

P-  m.  solids.    In  a  case  of  a  corpulent  woman  the  quantity  of  solids  in  the 

hv-er-bile  varied  between  30.10-36.8  p.  m.  in  ten  days.     Brand'  has  ob- 

f^i^ed  still  higher  figures,  more  than  40  p.  m.  in  a  couple  of  cases.    This 

''ivestigator  suggests  that  the  bile  from  an  imperfect  fistula,  when  it  is 

^^rtly  absorbed,  is  richer  in  solids  than  when  it  comes  from  a  perfect  fistula. 

The   molecular   concentration   of   human   bile,    according   to   Brand, 

^Onani,  and  Strauss  '  is  neariy  always  identical  with  that  of  the  blood, 

although  the  amount  of  water  and  solids  varies.    The  freezing-point  varies 

^lily  between  —0.54°  and  -0.58*^.    This  stability  of  the  osmotic  pressure 

^"^  explained  by  the  fact  that  in  concentrated  biles  with  larger  amounts  of  ! 

^rganic  substances  (with  larger  molecules)  the  amount  of  inorganic  salts 

is  lower.* 

Human  bile  sometimes,  but  not  always,  contains  sulphur  in  an  ethereal 
sulphuric-acid-like  combination.  The  quantity  of  such  sulphur  may  even 
amount  to  J-J  of  the  total  sulphur.  Human  bile  is  habitually  richer  in 
glycocholic  than  in  taurocholic  acid.  In  six  cases  of  liver-bile  analyzed  by 
H.\mmarsten  the  relationship  of  taurocholic  to  glycocholic  acid  varied 

*  See  Hoppe-Seyler,  Physiol.  Chera.,  301;  Socoloff,  Pfliiger's  Arch.,  12;  Trifanow- 
8ki,  ibid.,  9;  Frerichs  in  Hoppe-Seyler 's  Physiol.  Chera.,  299;  v.  Gorup-Besanez,  ibid. 

'Jacobsen,  Ber.  d.  deutsch.  chem.  Gesellsch.,  6;  Hammarsten,  Nova  Acta  Reg. 
Soc.  Scient.  Upsala,  16;  Brand,  Pfluger's  Arch.,  90. 

'Brand,  1.  c;  Bonani,  Biochem.  Centralbl.,  1;  Strauss,  Berl.  klin.  Wochenschr., 
1903. 

*  See  Brand,  1.  c. ;  Hammarsten,  1.  c. 
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between  1 : 2.07  and  1 :  14.36.    The  bile  analyzed  by  Jacobsex  contained 
no  taurocholic  acid. 

As  an  example  of  t!ie  composition  of  human  liver-bile  the  foUowing 
results  of  three  analyses  made  by  Hammarsten  are  given.  The  reaiilU 
are  calculated  in  parts  per  1000.^ 


Solids 

.,.     25.200 

35.260 

25.100 

W  titer 

...  974, goo 

9<U.740 

974  61X) 

Mucin  and  pigments 

...       5.290 

4.290 

5.150 

Bile-saltj5, 

9,310 

18.240 
2.079 

9,040 

Taurocholate 

...       3.034 

2,  ISO 

Glvcocholate.  ........... 

...       6.276 

16.161 

6.860 

Fat  t  V  ticlds  from  soaps . . . 

...       1,230 

1.360 

1.010 

Choiegtenii ,,,...,. 

...       0.630 

1,600 

1,500 

Lwithin.  .  , 

>  .  .   f     n   oort 

0  475 

'       0  6,50 

Fat... 

y    0 , 220 

0  956 

0.610 

SoVuhk  salta * 

. .,       8,070 

6,760 

7,2W> 

Insoluble  saltjs 

...        0.2.50 

0.490 

0,210 

Amongst  the  mineral  coastitucnts  tlic  chlorine  and  sodium  occur  to  tt*^  , 
greatest  extent.  The  relationship  between  potassium  and  sodium  vari^^  | 
considerably  in  different  samples.  Sulphuric  acid  and  phosphoric  acid  occl^  ^ 
only  in  very  small  quantities, 

Bagjnsky  and  Sommerfeld  ^   have   found   tnie   mucin,   mixed   witt^* 
some  noc!et:talbumin^  in  the  bladder-bile  of  children.     The  bile  cuntaineci- 
on  an  average  896.5  p.  m.  water;    103.5  p.  m.  solids;   20  p.  m.  mucin;   Q.t    ' 
p.m.  mineral  subsUmccs;    25.2  p.  m.  bile-salts  (of  which  16.3  p.m.  wer^"  ' 
glycocholate  and  S.9  p.  m.  taurocholate);   3.4  p.  m.  cholesterin;   6.7  p.m. 
fat^  and  2.8  p.  m.  leiicin,^ 

The  quantity  of  pi«^ment  in  human  bile  is,  according  to  Xoel-Paton,  I 
0.4^1.3  p.  m.  for  a  case  of  biliary  fistula.  The  method  used  in  deteruiining'  1 
the  pigments  in  this  case  was  not  cpiite  trustworthy,  More  exact  results 
obtained  by  spectrophotoraetric  methods  are  on  record  for  dog-bile. 
Acconling  to  Stadelmanx  *  ilog-bile  contains  on  an  average  0.6-0.7  p.  m. 
iHlirubin.  At  the  most  only  7  milhgrams  of  pigment  are  secreted  per  kilo 
of  body  in  the  twenty-four  hours. 

In  animals  the  relative  proportion  of  the  two  acids  varies  coasiderably. 
It  has  been  found,  on  detc^rmining  the  amount  of  sulphur,  that,  so  far  as 
the  experiments  have  gone,  taurocholic  acid  is  the  prevailing  acid  in  car- 
nivorous mammals,  binls,  snakes,  and  fishes.  Amrmg  the  herbivora.  sheep 
and  goats  have  a  predominance  of  taurocholic  acid  in  the  bile.  Ox-bile 
sometimes  cfuitaias  taurocholic  acid  in  excess,  in  other  cases  glyeocholic  acid 

^  Recenfc  quftntitative  analyses  may  be  found  m  Brand,  1.  c;  v.  Zeynek,  Wien. 
klin.  Wochenschr. ,  1899;   Bonani,  1.  c. 

*  Verhandl.  d.  physioL  Geselbch.  xu  Berlin,  1894-95. 
'  Analyses  of  bile  from  children  may  be  found  in  Heptner,  Maly*s  Jahresber., 

*  Noel-Paton,  Rep.  Lab.  Roy.  Soc.  Coll  Phj'S,  Edinburgh,  3;    Stadelmann 
Icterus. 
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predominates,  and  in  a  few  cases  the  latter  occurs  almost  alone.  The  bile 
of  the  rabbit,  hare,  anrl  kangaroo  contains,  like  the  bile  of  the  pig»  almost 
exclusively  glycochoHc  acij,  A  distinct  influence  <ni  the  relative  amounts 
of  the  two  bile-acids  under  different  diets  has  not  been  detected.  Ritter  * 
claims  to  have  found  a  decrease  in  the  quantity  of  taurtK-hoIic  acid  in  calves 
when  they  pass  fmni  the  milk  to  the  vegetiihle  diet. 

In  the  above-mentioned  calcidation  of  the  tanrocholic  acid  frt»m  the 
quantity  of  sulphur  in  the  Inle-salts  it  must  be  remarkeil  that  no  exact  con- 
clusion can  be  drawn  from  such  a  determination  since  it  is  knowTi  that 
other  kinds  of  bile  (e.g.,  human  and  shark-bile)  contain  sulphur  in  com- 
binations other  than  taurocholic  acjrL^ 

The  cholesterin,  which,  according  to  several  investigators,  not  only  origi- 
nates from  the  liver,  but  also  from  the  bdiary  passages,  occurs  in  larger  quan- 
tities in  the  bladder-bile  than  in  the  hver-bile,  and  is  present  to  a  greater 
extent  in  the  non-filtered  than  in  the  filteretl  bile  (Do von  and  Dufourt  *}* 
The  gase^  of  the  bile  consiiit  of  a  large  quantity  of  carbon  dioxide,  which 
increases  ^-ith  the  amount  of  alkalies,  only  traces  of  ox^^gen,  and  a  very 
small  quantity  of  nitrogen. 

Little  is  kno^Ti  in  regard  to  the  prop€rti€3  of  the  bile  in  dimme.    The  quantity 

<>f  urm  is  found  to  be  con  idcrably  increased  in  uncmia.     Leucin  and  iiirosin  are 

obser\^eil  in  at^ute  yellow  atrophy  of  the  liver  and  in  ty]>hoid.     Tratea  of  albumin 

f|^ilhout  regard  to  nucleoalbiiniiu)  have  several  tim(\s  b^en  found  in  the  human 

j^/Je.    The  so-ca  led   pigftientfirif  (irfujlin,  or   the  s4*erelioii   of  a   bile   roiitaining 

''^^e-acitk  but  no  l)ile-[)ignients,  hii^  also  l)€cn  rcf*ca!cdly  notieed.     In  all  such 

^^»(*$  oljfier\'ed  by  HiriEH  he  found  a  fatty  degeneration  of  tlie  liver-cclb,  in 

'^^Urn  for  uhieh,  even  in  oxcewsive  fatty  in  lilt  ration^  a  nurmal  I'ile  eontairiing  [tig- 

^^nts  was  secreted.     The  secretion  of  a  bile  nearly  free  from  bile-acids  has  been 

^*^*s5cr\'ed  by  Hnpi'p>8EYLKU*  in  amyloid  degeneration  of  the  liver.     In  animals, 

-**^f5s,  and  esjier-ially  rabbits  it  has  been  ohscnetl  that  the  blood -pigments  pass 

J^o  the  bile  in  poisoning  and  other  causes,  raiising  a  dent rurt ion  of  lire  blt)od-eor- 

"^  BrleSt  as  also  after  intravenous  btrmoglobin  injeetion  (Wfiitueimkr  and  Meveh, 

^i-KHNE,  8tern  \).     Bauer*  has  found  by  obsen'ations  on  man  and  dogs  that 

1?^  sugar  occurs  in  the  bile  either  in  alimentary  glyeosuria  or  ))hlorhizin  diabetes, 
P^t  it  does  occur  during  the  first  days  of  pancreatic  diabetes.  Ethyl  alL-oliol 
P'^jid  more  abundantly  ainyl  ak'ohol  pa<s  into  the  bile  and  eausean  irritation  upon 
r*ie  liver  parenchyma  which  leads  to  the  elimination  of  coagulable  proteid. 
I  The  physiological  secretion  of  the  gall-bladder  is  according  to  Wahi/- 
^KEN  '  in  man  a  viscous,  alkaline  fluid  with  11.24-19.63  p.  m.  solids.     The 

*  Cited  from  Maly 's  Jahreslier. ,  i\,  lt>5, 
'  Hammarsten,  Zeit^ehr  f.  physioL  Chem,,  «12, 
•Arch,  de  Physiol  (3),  S. 

*  Ritter,  Compt.  rend,,  74,  aiul  Joum,  de  Tanat.  et  de  la  physioL  (Robin),  1872; 
Hoppe-S<?yler,  Physiul.  Chem,,  317. 

*  Wertheimer  and  Meyer,  Corapt.  rend.,  108;  FLlehne,  Virchow'a  Arch.,  121;  Stenij 
Itbul..  123. 

•Zeit«5chr.  f.  physiol  Chem.^  40. 
T  See  Malik's  Jahresher.,  32, 
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mucilatcinons  properties  are  not  due  to  mucin  but  to  a  phosphorized  pro- 
tein subsUince  (miclcKiaibumiii  or  nuelrM:)proteid)- 

Iri?^ead  <»f  bile  there  is  sometimes  fnund  in  the  gall-bladder  under  pat hologicul 
conrlitions  a  more  or  less  vi^seoiis^  thre;iiiy,  eulorless  liijid  which  contains  pseiido- 
mucins  or  other  peculiar  protein  sybstiinees.' 

Chemical  Formation  of  the  Bile.  The  first  question  to  be  answered  is 
the  fttUowing:  Do  the  specific  constituents  of  the  bile,  the  bile-acids  and 
bile-pigments,  uriirinate  in  the  liver;  and  if  this  is  the  case,  do  tJiey  come 
from  this  or^an  only,  or  are  they  also  forme<l  elsewhere? 

The  investigations  of  the  blond,  and  especially  the  comparative  investi- 
gations of  the  b!ood  of  the  portal  and  hepatic  veins  unfier  nonnal  conditions, 
have  not  given  any  answer  to  this  ([uestion.  To  decide  this,  therefore,  it 
is  necessan^  to  extirpate  the  liver  of  animals  or  isolate  it  from  the  circula- 
tion. If  the  bile  constituents  are  not  formed  in  the  liver,  or  at  least  not 
alone  in  this  organ,  but  only  eliminated  from  the  blood,  then,  after  the 
extiqiation  or  removal  of  the  liver  from  the  circulation »  an  accumulation  of 
the  bile  constituents  is  to  be  expected  in  the  bltKid  and  tLs.sues.  If  the  bile 
constituents,  on  the  contnir>^,  are  formed  exclusively  in  the  liver,  then  the 
above  operation  naturally  would  give  no  such  result.  If  the  ductus  chole- 
dochus  is  tied,  then  the  liile  constituents  will  be  collecteil  in  the  blood  or 
tissues  whether  they  are  formeil  in  the  liver  or  elsewhere. 

From  these  principles  Kobner  has  trietl  to  demonstrate  by  experiments 
on  frogs  that  the  bik-ackh  are  produced  exclusively  in  the  liven  While  he 
was  unable  to  detect  any  bile-acids  in  the  blood  and  tissues  of  these  animals 
after  extirpation  of  the  liver,  still  he  was  able  to  discover  them  on  ty'ng  the 
ductus  choledoclius.  The  investigations  of  Ludwig  and  Fleischl  *  show 
that  in  the  dog  the  bile-acids  originate  in  the  liver  alone.  After  tying  the 
ductus  cholcdiichus  they  ol>ser\*cd  that  the  bile  const ttnents  were  absorbed 
by  the  lymphatic  vessels  of  the  liver  and  passed  into  the  blood  through  the 
thoracic  duct.  Bile-acids  could  be  detet^ted  in  the  blood  after  such  an 
operation,  while  they  could  not  be  detected  in  the  normal  blood.  But 
when  the  common  bile  and  thoracic  ducts  were  both  tied  at  the  same  time^ 
then  not  the  least  trace  of  bilcvacids  could  be  detected  in  the  blood,  while 
if  they  are  also  formed  in  other  organs  and  tissues  they  should  have  been 
present. 

From  older  statements  of  Cloez  and  VrLPiAN,  as  well  m  Vmcirow,  the  bile- 
acids  also  oiTur  in  the  suprarenal  ett|>su!e.  These  statements  have  not  bc^n 
confirmed  by  later  investigations  of  STADEt.MANN  and  Bkikiu'  At  the  present 
time  there  is  no  ground  for  supjxising  that  the  bile-acids  are  formed  elsewhere 
thtin  in  the  li%'cr. 

*  Wintemitj!,  Zeitschr  f.  physiot  Chem,,  21;  Sollmann,  Amer.  Medicine*  S  (1903). 

*  Kobner»  see  Heideiihain,  Fhysiologio  der  Absonderungsvorgiinge  in  Hermann's 
Handbueh.  5;   Fleischl,  Arbtnten  aus  der  physiol.  Anst^It  lu  Leip«ig,  Jahrgang,  % 

*  Zeitschr,  f.  physiol.  Chem, ,  1^,  in  which  the  older  hterature  may  be  found 
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It  has  been  indubitably  proved  that  the  hUe-pigments  may  be  formed  in 
other  organs  besides  the  liver,  for,  as  is  generally  admitted,  the  coloring- 
matter  hsematoiclin,  which  occurs  in  old  blood  extravasations,  is  identical 
with  the  bile-pigment,  bilirubin  (see  page  269),  Latschenbebger  *  has 
also  observed  in  htjrses,  under  pathological  conditions,  a  formation  of  bile- 
pigments  from  the  bio od-colo ring  matters  in  the  tissues.  Also  the  occiii^ 
rence  of  bile-pigments  in  the  placenta  seems  to  depend  on  their  formation 
in  that  oiigan,  while  the  occurrence  of  small  quantities  of  bile-pigments  in 
the  blood-serum  of  certain  animals  probably  depends  on  an  absorption  of 
the  same. 

Although  the  bile-pigments  may  be  formed  in  other  organs  besides  the 
liver,  still  it  b  of  first  importance  to  know  what  bearing  this  organ  has  on 
the  elimination  and  formation  of  bile-pigments.  In  this  regard  it  must  be 
recalled  that  the  liver  is  an  excretor}^  oi^an  for  the  bile-pigments  circulat- 
ing in  the  blood.  Tarch.woff  has  oljsen^e<l,  in  a  dog  with  bQiar>'  fistula, 
that  intravenous  injection  of  btlinibin  causes  a  very  considerable  increase  in 
the  bile-pigments  eliminatetl.  This  statement  has  been  confirmed  lately 
by  the  investigations  of  Wjssius.^ 

Numerous  experiments  have  been  made  to  decide  the  question  whether 
the  bile-pigments  are  only  eliminated  by  the  liver  or  whether  they  are  also 
formed  therein.  By  experimenting  on  pigeons  Stern  was  able  to  detect 
bile-pigments  in  the  bluod-senim  five  hours  after  tying  the  biliarj^  passages 
Alone,  while  after  tying  all  the  vessels  of  the  liver  and  also  the  biliary  pas- 
sages no  bile-pigments  could  be  detected  either  in  the  blood  or  the  tissues 
of  the  animal^  which  was  killed  10-24  hours  after  the  operation,  Min- 
kowski and  Nauni^n  *  have  also  found  that  poisoning  with  arsejiiuretted 
hydrogen  pniduces  a  liberal  formation  of  bile-pigments  and  the  secretion, 
&fter  a  short  time,  of  a  urine  rich  in  biliverdin  in  previously  healthy  geese. 
In  geese  with  extirpated  livers  this  does  not  occur. 

No  such  experiments  can  be  carried  out  on  mammalia,  as  they  do  not 
live  long  enough  after  the  operation ;  still  there  is  no  doubt  that  this  oi^an 
is  the  chief  seat  of  the  formation  of  bile-pigments  under  physiological  con- 
ditions. 

In  r^ard  to  the  materials  from  which  the  bile-acids  are  produced,  it 
may  be  said  with  certainty  that  the  two  components,  glycocoll  and  taurin, 
which  are  l>oth  nitrogenized,  are  formetl  from  the  protein  bodies,  The 
close  relationship  of  taurin  to  the  cysttn  group  of  the  proteid  molecule 
has  been  especially  shown  by  the  investigations  of  Friedmann  (see  Chapter 
11)^  and  very  recently  Bergmann  ^  has  shown  by  feeding  dogs  Tjvith  sodium 


*  Sea  Midy 's  Jahreaber.,  1ft,  and  Monatahefte  f.  Chem.,  9. 

'  Tarchanoff,  Pfluger'a  Arch,,  ^;  Vossius,  cited  from  Stadehnann,  Der  Icterus, 
'Stern,  Arch,  t  ex  p.  Path.  u.  Pharm,,  ISJ;  Minkowski  •and  Naunyn,  ibid. 

*  Hcftnebter's  Beitriige,  4.     See  also  Wohlgemuth,  Zeitschr.  f.  physiol.  Chem.,  401 
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cholate  and  eystin  that  the  aaimal  body  can  transforni  eystin  into  taurin 
and  that  the  tauiin  of  the  bQe  originates  from  the  prot^ds  of  the  food.  In 
r^ard  to  the  origin  of  the  non-nitrogenized  cholic  acid,  which  was  fofinerly 
considered  as  originating  from  the  fats,  nothing  b  known  pos  tiveh% 

The  blood-coloring  matters  are  considered  as  the  mother-substances  of 
the  bDe-pigments.  If  the  identity  of  hiematoidin  and  bilirubin  was  settled 
beyond  a  doubt,  then  this  view  might  be  considered  as  proved.  Independ- 
entl}^  however,  of  this  identity,  which  is  not  admitted  by  all  investigators, 
the  view  that  the  bile-pigments  are  derived  from  the  blood-coloring  matters 
has  stmng  arguments  in  its  favor.  It  has  been  shown  by  several  experi- 
menters that  a  yellow  or  yellowish-red  pigment  can  be  formed  from  the 
blood-coloring  raattere,  which  gives  Gmeuk's  test,  and  which,  though  it 
may  not  fonn  a  complete  bile-pigment,  is  at  least  a  step  in  its  formation 
(Latschexberger).  a  further  proof  of  the  formation  of  the  bile-pigments 
from  the  bloo*l-coloring  matters  consists  in  the  fact  that  hiematin  on  reduc- 
tion yields  urol>iUn,  which  is  identical  with  hydrc»bilirubin  (see  Giapter 
yX),  Further,  hiemat/^porphyrin  (see  page  180)  and  bilirubin  are  Lsomere, 
according  to  Nencki  and  .Sibber,  and  nearly  allied.  The  formation  of 
bilirubin  from  the  blood-coloring  matters  is  showTi,  according  to  the  obser- 
vations of  several  investigators/  by  the  appearance  of  free  haemoglobin  in 
the  plasma — produced  by  the  destruction  of  the  red  cori3Usck«  by  widely 
differing  influences  (see  l>elow)  or  by  the  injection  of  haemoglobin  solution^ 
causing  an  increasetl  formation  ol  bUe-pigmeiits.  The  amount  of  pig* 
ments  in  the  bile  is  not  only  considerably  increased,  but  the  bile-pigments 
may  even  pass  into  the  urine  under  certain  circumstances  (icterus).  After 
the  injection  of  haemoglobin  sf>hition  into  a  dog  either  subcutaneously  or  in 
the  peritoneal  cavity,  Stadel.\l\nx  and  GoRODECia  '  obser\*ed  in  the  secre- 
tion of  pigments  by  the  bile  an  increase  of  61  per  cent,  which  lasted  for 
more  than  twenty- four  hours. 

If,  then,  iron-free  bilirubin  Ls  derivctl  from  the  htematin  containing  iron, 
then  iron  must  be  split  off*  This  process  may  be  represent^  by  the  follow- 
ing formula,  according  to  Nencki  and  Sieukr:  '  Cj^HajX^O^Fe+'iHjO-Fe 
«2C,aH,j,N,03*  The  question  in  what  form  or  combination  the  iron  is 
split  off  Ls  of  special  interest,  and  also  whether  it  is  eliminated  by  the  bile. 
This  latter  does  not  seem  to  be  the  case,  at  least  to  any  great  extent.  In  100 
parts  of  bilirubin  which  are  eliniinatetl  b}'  the  bile  there  are  ordy  1,4-1.5 
parts  iron,  according  to  Kunkel;  while  100  parts  hsematin  contain  about  9 
parta  iron.    Minkowski  and  Baserin  ^  have  also  found  that  the  abundant 

'  See  Stadelmaon,  Der  Icterus,  etc.     Stuttgart,  1891. 
» Ibid, 

•  Arch.  f.  exp.  Path.  u.  Pimnn.,  24,  440. 

*  Kunkel,  Pflugor's  Arch.,  II;  Minkowski  and  Baserin,  Arch.  f.  exp.  Path,  u 
Pharm.,  23. 
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ionnation  of  bile-pigments  occurring  in  poisoning  by  arseniiiretted  hydro- 
gen does  not  increase  the  quantity  of  iron  in  the  bile.       The  cjuantity  appar* 
ently  does  not  seem  to  correspond  with  that  in  the  decomposevi  blood-color- 
ing matters.     It  follows   from   the   researches   of  several   investigators  * 
that  the  iron  is,  at  least  chiefly,  retained  by  the  liver  as  a  ferruginous  pig- 
ment or  protein  substance. 

Wliat  relationship  does  the  formation  of  bile-acids  bear  to  the  forma- 
tion of  bile-pigments?  Are  these  tw^o  chief  constituents  of  the  bile  derived 
simultaneously  from  the  same  material,  and  can  we  detect  a  certain  connec- 
tion between  the  formation  of  bilirubin  and  bile-acids  in  the  liver?  The 
investigations  of  Stadelmann  teach  us  that  this  is  not  the  case.  With 
increased  fonnation  of  bile- pigments  the  bile-acids  decrease  and  the  supply 
of  hipmoglobin  to  the  liver  acts  in  strongly  increasing  the  formation  of 
bilirubin,  but  simultaneously  strongly  decreases  the  production  of  bile- 
acids.  According  to  Stadelmann  the  formation  of  bile-pigments  and 
bile-acids  is  due  to  a  special  activity  of  the  cells. 

An  absorption  of  bile  from  the  liver  and  the  passage  of  the  bile  con- 
stituents into  the  blood  and  urine  occurs  in  retarded  discharge  of  the  l^ile, 
and  usually  in  different  forms  of  Jiepatogenic  icterus.    But  bile-pi<!:mcnts 
niay  also  pass  into  the  urine  under  other  circumstances,  especially  in 
animals  where  a  solution  or  destruction  of  the  red  blood-corpuscles  takes 
place  through  injection  of  water  or  a  solution  of  biliary'  salts,  through 
poisoning  by  ether,  chloroform,  arseniuretted  hydrogen,  phosphorus,  or 
^^uylendiamine,  and  in  other  cases.     This  occurs  also  in  man  in  severe 
^'i^ectious  diseases.    One  must  also  admit  of  a  transformation  of  blood- 
P'^ents  into  bile-pigments  elsewhere  than  in   the  liver,  namely,  in  the 
"'^d.    Such  a  belief  has  been  made  very  pn)l)able  by   tlie  important 
Researches  of  Minkowski  and  Xauxyx,  Afaxassikw,  SiLnEUMAW,-  and 
^^  the  above-mentioned  cases,  as  after  poisoninsi:  with  phosphorus,  tolu- 
-^^ '^nJiamine,  and  arseniuretted  hydro^^en  it  has  been  confirmed  by  direct 
^•""^■periment. 

The  icterus  is  also  in  these  cases  hepatogenic;  it  depends  upon  an  absoqi- 
**^n  of  bile-pigments  from  the  liver,  and  this  absorption  seems  to  oria;inate 
^  the  different  cases  in  somewhat  different  ways.  Thus  the  bile  may  be 
*^^ous  and  cause  a  congestion  of  the  bile  by  counteracting  the  low  secretion 
^^essure.  In  other  cases  the  fine  biliary  passages  may  be  compressed  l)y 
'•^  abnormal  swelling  of  the  liver-cells,  or  a  catarrh  of  the  bile-passa.iz;es 
^ay  occur,  causing  a  congestion  of  the  bile  (Stadelmann). 


*  See  Xaunyn  and  Minkowski,  Arch.  f.  exp.  Path.  u.  Pharm.,  21;   Latschenberger, 
^  c;   Neumann,  Virchow's  Arch.,  Ill,  and  the  literature  in  foot-note  4,  piige  240. 

*  The  literature  belonging  to  this  subject  is  found  in  Stadelmann,  Der  Ictenis,  etc, 
Stuttgart,  1891. 
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Bile  Coacretions« 

The  concrements  which  occur  io  the  gall-bladder  var>^  considerably  ii^ 
•Bize^  fonn^  and  number,  and  are  of  three  kirwrLs,  depending  upon  the  kind 
and  nature  of  the  bodies  foniiing  their  chief  mass.  One  group  of  gaD* 
stones  contains  lime-pigment  as  chief  constituent,  the  other  cholesteriii^ 
mid  the  thinl  calcium  carbonate  and  phosphate.  The  concrements  of  the 
laiat-meutiooed  group  occur  ver^'  seldom  in  man.  The  so-called  cholesterin- 
stones  are  those  which  occur  most  frequently  in  man,  wMle  the  lime-pigment 
stones  are  not  found  verj*  often  in  man,  but  often  in  oxen. 

The  pigrtient-stotics  are  generally  not  large  in  man^  but  in  oxen  and 
pigs  they  are  sometimes  found  the  size  of  a  walnut  or  even  larger.  la 
most  cases  they  consist  chiefly  of  bilimbin-calcium  with  little  or  no  bill- 
verdin.  Sometimes  also  small  black  or  greenish-black,  metallic -looking 
stones  are  found,  which  consist  chiefly  of  bilifuscin  along  with  biliverdin. 
Iron  and  copper  seem  to  be  regular  constituents  of  pigment-stones.  Man- 
ganese and  zinc  have  also  been  found  in  a  few  cases.  The  pigment^t«ne3 
are  generally  heavier  than  water. 

The  ckolesleTin-siorwSj  whose  size»  form,  color,  and  structure  may  vary 
greatly,  are  often  lighter  than  water.  The  fractured  surface  is  radiated, 
crystalline,  and  frequently  shows  crystalline,  concentric  layers.  The 
cleavage  fracture  is  waxy  in  appearance,  and  the  fractured  surface  when 
Tubbal  by  the  naO  also  becomes  like  wax.  By  rubbing  against  each  other 
in  the  gall-bladder  they  often  become  faceted  or  take  other  remarkable 
shapes.  Their  surface  is  sometimes  nearly  white  and  waxlike,  but  generally 
iheir  color  is  variable.  They  are  sometimes  smooth,  in  other  cases  they  are 
Tough  or  uneven.  The  quantity  of  cholesterin  in  the  stones  varies  from 
642-081  p.  m.  (Ritter  ^),  The  cholesterin-s tones  also  sometimes  contain 
variable  amounts  of  lime-pigments,  which  give  thein  a  ver^^  changeable 
appearance, 

Cholesterin,  C„H(oO  (OBKRMirLLER),  or,  as  ordinarily  given,  C^U^fl 
(Mauthxeh  and  Sitida),  By  the  action  of  concentrated  sulphuric  acid 
or  phosphoric  acid,  and  also  in  other  ways,  hydrocarbons  are  obtained, 
which  are  calletl  chokslcrUin,  cholcMcron,  and  choksdrilene  (Zwenger, 
Walitzky,  and  others).  Mauthner  and  Suida,^  who  have  closely  studied 
these  hydrocarbons,  have  been  able  to  prepare  a  crj'stalline  cholesterilin 
by  heating  cholesterin  with  anhydrous  copper  sulphate.  The  Itydrocar* 
l)ons  stand,  according  to  Wkyl;^  in  close  relationship  to  the  terpene  group. 
'On  oxidation  wnth  hot,  strong,  nitric  acid  the  cholesterin  yields  tlinitro- 

*  Jimrti,  tie  t*aiii4t,  et  ile  la  phytiiol.  (Robin),  1872. 

Mlbermuller,  Du  Boi3-ReJ^nond 's  Arch,,  1889,  and  Zeitschr,  f,  physiol  Chem.,  15; 
Iklauthner  and  Suick,  Wien,  Srtzungsber. ,  Math.  Nat.  Klasse,  103,  Abtk  26,  which  alsa 
*Oontaina  the  older  literature. 

»  Du  Bois-Reyraond's  Arch..  1886, 182. 
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isopropane  (Wikdaus).  Othen^lse  on  oxidation  cholesterin  yields  partly 
indifferent  and  partly  acid  products,  which  seem  to  indicat-e  a  close  retation- 
fihip  between  cholesterin  and  cholic  acids.  Recently  Mauthn?:r  and 
StjiDA  have  obtained  three  acids  having  the  formulae  Ci^HiaOg,  CuHigOap 
andCiiH^Oj  as  oxidation  prmlucts.  Diels  and  Abdekhaldex  ^  obtidned 
a  cmtalline  acid  havin*:  the  formula  Cj^jtlg^O^  by  tlie  action  of  sodium 
hypobromite  upon  cholesterin.  This  acid  melts  at  290°  C.  and  yielils  crj^s- 
talline  derivatives. 

Cholesterin  occurs  in  small  amoimts  in  nearly  all  animal  fluids  and 
juices.  It  occurs  only  rarely  in  tlie  urine,  and  then  in  x^ry  small  quaati* 
lies.  It  is  also  found  in  the  different  tissues  and  organs,  especially  abun- 
dant in  the  brain  and  the  nen^ons  system ;  further,  in  the  yoke  of  the  egg, 
in  semen,  in  wool-fat  (together  with  isocholesterin),  and  in  sebum.  It 
appears  also  in  the  contents  of  the  intestine,  in  excrements,  and  in  the 
mecomum.  It  especially  occurs  pathologically  in  gall-stones,  as  well  as  in 
atheroraatous  cysts,  in  pus,  in  tuberculous  masses,  old  transTnlatcs,  cystic 
fluids,  sputum,  and  tumors.  It  does  not  exist  free  in  all  cases;  for  exam- 
pfet  it  exists  in  part  as  fatty-acid  esters  in  woo!-fat,  blood,  lymy^h,  brain^ 
vemix  caseosa^  and  epidermis  formations.  Several  kinds  of  chok\sterin, 
calJefl  phyiosierines,  have  been  found  in  the  vegetable  kingdom. 

Cholesterin  which  crystallizes  from  warm  alcohol  on  cooling  and  that 
^Wcb  is  present  in  old  transudates  contains  1  molecule  of  water  of  cr\"stal- 
"^tioQ,  melts  at  145°  C,  and  forms  colorless,  transparent  plates  whose 
^^des  and  angles  frequently  appear  broken  and  whose  acute  angle  is  often 
'^^30'  or  87^  30'.  In  large  quantities  it  appears  as  a  mass  of  white  plates 
^liieh  shine  like  niother-of -pearl  and  have  a  greasy  feeling. 

Cholesterin  is  insoluble  in  water,  dilute  acids,  and  alkalies.  It  is  neither 
dissolved  nor  changeil  by  boiling  caustic  alkali.  It  is  easily  solul:>le  in  boil- 
^HjS:  alcohol  and  crj^stallizes  on  cooling.  It  dissolves  readily  in  ethers 
chloroform,  and  benzene,  and  also  in  the  volatile  or  fatty  oils.  It  is  dis- 
^h^ed  to  a  slight  extent  by  alkali  salts  of  the  bile-acids.  The  .s<ilutions  ia 
«ther  and  chloroform  are  kevorotatory. 

Among  the  many  cimbi nations  uf  cholesterin  studied  by  OuEnMULLER 
the  propionic  ester  C^H^.CO.O.Gj^H^s  is  of  special  interest  because  of  the 
behavior  of  the  fused  combination  on  cooling,  and  it  is  used  in  the  detection 
of  cholesterin.  For  the  detection  of  cholesterin  use  is  made  of  its  reaction 
mth  concentrated  sulphuric  acid,  whieh  gives  colored  proilucts. 

If  a  mixture  of  five  parts  sulphuric  acid  and  one  part  water  acts  oo 
a  cholesterin  cry^stab  this  crystal  will  show  colored  rings,  first  a  bright 
carmine-red  and  then  violet.     This  fact  is  employed  in  the  microscopic 


<  Windaus,  Biochem.  CentTalbk,  1,  3S5;   Mauthner  and  Suida^   Wien.    Sitz-Ber. 
Math  Nat,  Klasse,  112,  Ahlh.  116,  1903;  Diek  and  AUderhalden,  Ber  d.  d.  chem. 


2M  THE  UVEIi. 

iU'Urlinti  t,{  I'lioN'i-.firrin.  AnoUi^T  lc.-l,  and  one  ven-  ?ood  for  the  micro- 
tu'ii\m'n\  iU*\t¥'{'nni  of  r-holiHliTin,  couhisU  in  treating  the  cn'stals  first  with 
IIm'  iiI»ov<'  <lilijl<'  /u'i<l  tuul  Uu'.n  with  some  ifxline  sohition.  The  crj'stak 
will  !»'•  /'nMluully  ctAnml  violet,  bluish  Krc«n,  and  a  beautiful  blue. 

.SAiJ'.owr^hi  'ii  '  Hmvllttn,  TImj  choii^sterin  Ls  dissolved  in  chloroform  and 
II  It'll  In 'III  I'd  vvilli  an  i-fjiud  voliiinc  of  concentrated  sulphuric  acid.  The 
I'hiili'rtlrriii  holiilion  lnToiiirH  first  bluish  hmI,  then  gradually  more  violet- 
I'l'd,  wliili'  I  III'  hulpliurif  in'id  npprars  dark  hmI  with  a  greenish  fluorescence. 
ir  lliM  rliliirnfnnii  Mtilutioti  is  pnurrd  int^)  a  porcehiin  dish  it  becomes  violet, 
IliMU  /'.iiMMi,  iind  liiwilly  yrllnw. 

I.ii  iii-.HM  vNN  MniM'ii  \Hi)  s  '  lintctioii.  Dissolve  the  cholesterin  in  about 
V'r.  i'.  I'liliirnrnrm  and  luld  lirs!  lOdropsof  a<*etic  anhydride  and  thenconcen- 
liiiti'il  'lulphurii'  iiiMd  ilrnp  by  ilrop.  The  color  of  the  mixture  will  first  be  a 
brnulil'ul  rrd.  then  bluo,  and  linally,  if  not  too  nuich  cholesterin  or  sulphuric 
iicid  \n  prcfiiMit ,  a  pi^nnanrnt  v.n»en.  In  the  presence  of  very  little  cholesterin 
I  he  .'riM'M  I'olor  may  appear  imnuHlialely. 

I*ui»».  di\  I'liolosli'iin  \\\\v}\  fusrd  in  a  test -tuln*  over  a  low  flame  with  two  or 
|hiviMhop**o!  piopiohU'iuihMlrido  yields  a  mass  wlurh on  iHH)lii)g  istirst  violet,  then 
\\\\\\\  ^\\^'\\,  oi:mi«v.  rnnuino  ivd.  and  linally  it^pjHT-nnl,  It  is  Ivst  to  re-fuse 
llw»  n >:»•••»  on  :\  v^:\>'^  i^mI  and  iIumi  to  oUst*rvo  the  tihI  on  rivlins:.  holding  it  against  a 
«l;uK  Ivii  K^t^lund  ^OuMmi  u  ni^ 

S»uu»  '•»  ^^l^ /;,'•;.  If  a  littlo  rhoWtorin  is  plaitnl  in  a  jxm*olain  dish  with 
the  adduion  ol  a  low  dixM'N  o!  a  inixtuiv  of  iwoor  ihrtv  vols,  of  i\>r.r.  hydrorhloric 
1^^  id  iM  Milplwnu'  iwu\  and  ono  \ol.  of  a  nuNlunu  solutiv^n  of  forrii*  i-hloride  and 
%\*tv!i»U\  r\ajsMat\sl  !o  di\Ji»'>s  ix\or  a  sn^ail  ::anu\  a  iwivi-.sh- violet  residue  is 
fUM  %xl*i:un«sl  and  :1u*m  a  Mr.'.vh  \*o>!. 

tt  a  vMall  o'.;av.',^t\  o!  tV.o!*>:i-M;'.  '.s  oxrr.v'T.-itiv,  :.^  . 
i\v.'.,v\'.ii;»\*sl  V.;;*. -.*■  a,"..:  ,  :,»  x^l^:.i:v,>  a  \r".„»\\  s;.\^:  vV.-.  V.  V 
%^  V,  !\  A *, *.*. ^ v.oi •■  la  o5  N- a ; i^. '.  i  %  s\ s :  :i    ■.•."» ',  a  v  V. .-. :  a » :  *  v  s : . ,  :> . . . : 

Ko)M\N»tfot\  *-^  vV.i*  *.  .i^vo  ji\r'.  1^\  :v  N  ^  '^N^v.  :  :  :. 
|*»\N\»s;  Vx  V.-.V.*  •.^\^'.-\  V.„v  :.•'  '.:  .\^>  :,".::.';;i-.  .  •■^.■<  ■  r: 
j*^"*;  xN\xX":.*;A;  >n  v.   •,•  *;  .■..x>\'.\,>         .•/  .",    ,".  .^.    ..:. 

V/  ,".\-       ,  '■",'  \" .>    .'.    '.V      V.         *..    .•^^.,^■.     .\> 

•\^  'X'    k'     -.  \-    X  ./v  ■.,'■».■  .  ..M  ;*        '..    i  ■    >  : 

'♦x      ■  ,■»«.*•*   .■  "      '       ■  ,•  ,  \  \  .  .      ■  .  .■  .V"*-  i.  "  .       . 

.4    ■  X  .         ■.■  V  ■  .^    '.        v,      •     >    \       ^N^v     -  V.\\       y 

\»  ...  .■    .       ■     ^/     ■'  ■       ■      X  .  ■.      -I    •■ 

^  ".s       .  1       .  ■  '  ■».*■'.■*.  ■.  "<.  ■   .  "*^      ^"^  "^ 
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C^aOH,  which  occurs  in  wool-fat  and  is  therefore  found  to  a  great  extent  in 
so-called  lanolin.  It  gives  the  Lieberbiann-Burchard  reaction,  but  does  not 
give  Salkowbki's  reaction.    It  melts  at  138-138.5^  C. 

The  so-called  cholesterin-stones  are  employed  in  the  preparation  of 
cholesterin.  The  powder  is  first  boiled  with  water  and  then  repeatedly 
boiled  with  alcohol.  The  cholesterin  which  on  cooling  separates  from  the 
warm  filtered  solution  is  boiled  with  a  solution  of  caustic  potash  in  alcohol  so 
as  to  saponify  any  fat.  After  the  evaporation  of  the  alcohol  the  cholesterin 
is  extracted  from  the  residue  with  ether,  by  which  the  soaps  are  not  dis- 
solved; filter,  evaporate  the  ether,  and  purify  the  cholesterin  by  recrys- 
tallization  from  alcohol  ether.  Th  chol.sterin  may  b  extracted  wi  h  fat 
from  tissues  and  flu  ds  by  first  ex  acting  with  ether  and  then  proceeding 
as  su«j:gested  by  Rittkr.^  Th  essential  po  n  s  in  his  m  thod  consist  in 
saponifying  the  fat  with  sodium  alcoholate,  removing  the  alcohol  by  evap- 
orating to  dryness  with  NaCl,  and  finally  extracting  ih»  dried,  pulverized 
mass  with  ether.  AfUjr  evaporating  the  ether  the  residue  is  dissolved  in  as 
little  alcohol  as  possib  c  and  the  ch()*es[(  rin  precipitated  by  the  addition  of 
water.  It  is  ordinarily  easily  detected  in  traiisudates  and  pathological 
fonnations  by  means  of  the  niicro8ci>pe. 

'  Zeitschr.  f.  physiol.  Chem.,  ZL 


CHAPTER  IX 

DIGESTION. 

The  purpose  of  the  digestion  is  to  separate  those  constituents  of  th0 ' 
food  which  serve  as  the  nutriment  of  the  body  from  those  which  are  useless i 
and  to  separate  each  in  such  a  form  that  it  may  be  taken  up  by  the  blood 
from  the  ahnientary  canal  and  employed  for  the  various  purposes  in  tb^ 
oi^anlsm.    This  demands  not  only  mei^hanical  but  also  chemical  aetioa- 
The  first  action,  which  is  essentially  dependent  upon  the  physical  propertied 
of  the  food,  consists  in  a  tearing,  cutting,  crushing,  or  grinding  of  the  food  9 
wliile  the  second  serves  chiefly  in  converting  the  nutritive  bodies  into  ^ 
soluble  and  easily  absorbed  form,  or  in  the  spUtting  of  the  same  into  simpler 
combinations  for  use  in  the  animal  syntheses.     The  solution  of  the  mitritive 
bodies  may  take  place  in  certain  cases  by  the  aid  of  water  alone,  but  in  most 
cases  a  chemical  metamorphosis  or  cleavage  is  necessary ;  this  is  effectetl  by 
means  of  the  acid  or  alkaline  fluids  secreted  by  the  glands.    The  study  of 
the  processes  of  digestion  from  a  chemical  standpoint  must  therefore  b^in 
with  the  digestive  fluids,  their  qualitative  and  quantitative  composition,  as 
well  as  their  action  on  the  nutriments  and  foods, 

1,  The  Salivary  GlaiulH  and  the  Saliva. 

The  salivary  glands  are  partly  albuminous  glands  (as  the  parotid  in  man 
and  mammals  and  the  submaxillary  in  rabbits),  partly  mucous  glands  (as 
some  of  the  small  glamls  in  the  buccal  ca\ity  and  the  sublingual  and  sub- 
maxillary glands  of  many  animals),  and  partly  mixed  glands  (as  the  sub- 
maxillary gland  in  man).  The  alvecjli  of  the  albuminous  glands  contain  cells 
which  are  rich  in  pruteid,  but  contain  no  mucin.  The  alveoli  of  the  mucin- 
glands  contain  cells  rich  in  mucin  but  poor  in  proteid*  Cells  arrange^l  in 
different  ways,  but  rich  in  proteids,  also  occur  in  the  submaxillars'  and 
sublingual  glands.  According  to  the  analyses  of  Oidtmaxn  *  the  salivary 
glands  of  a  dog  contain  790  p.  m.  water,  200  p.  m.  organic  and  10  p.  m. 
inorganic  soli<ls.  Among  the  solids  we  find  mucin,  proteids,  nucleoproteidSf 
nuchin,  f mimes  and  their  zymogens ^  besides  extractive  bodies,  leucin,  xan- 
tltine  hodicSf  and  mineral  substances. 

*  Cit.  from  GonipBesanex,  Lehrbuch.  d.  physioL  Chem.,  4.  Aufl.,  732.  The  figures 
there  given  amount  to  1010  parts  instead  of  1000  parts. 
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The  occurrence  of  a  mucinogcn  has  not  been  proved.  On  the  complete  removal 
of  all  m"ic'in  E.  HtyhUGUKS^  found  no  mucmogen  in  the  submaxillary  gland  of  the 
ox,  but  a  muciti-like  gluconucleoproteid. 

The  saliva  is  a  mixture  of  the  secretion  of  the  above-mentioned  groups 
of  glands ;  therefore  it  is  proper  that  a  study  be  made  of  each  of  the  difTerent 
secretions  by  itself  and  then  the  mixed  saliva. 

The  submaxillary  saliva  in  jnan  may  be  easily  collected  by  introducing 
a  canula  through  the  papillary  opening  into  Wharton 's  duct. 

The  stil:)maxill'ir^'  saliva  has  not  always  the  same  composition  or  proper- 
ties; this  depends  essentially,  as  shown  by  experiments  on  animals,  upon 
the  conditions  under  which  the  secretion  takes  place.  That  is  to  say,  the 
secretion  is  partly  dependent  on  the  cerebral  syst43m,  through  the  facial 
fibres  in  the  chorda  tymijaiu  and  partly  on  the  sympathetic  nervous  system, 
through  the  fibres  entering  the  vessels  in  the  gland.  In  consequence  of 
this  dependence  the  two  distinct  varieties  of  submaxillani^  secretion  are 
distinguished  as  chorda-  and  stjmpitlhvtlc  saliva*  A  third  kind  of  saliva, 
the  so-called  parahjHc  saliva,  h  secret^  after  poisoning  with  ciirara  or 
after  the  severing  of  the  glandular  ner\^cs. 

The  difference  between  chorda-  and  sympathetic  saliva  (in  dogs)  con- 
sists chiefly  in  their  quantitative  constitution;  the  less  abundant  sym- 
pathetic saliva  is  more  viscous  and  richer  in  solidsj  especially  in  mncitii 
than  the  more  abundant  chorda-saliva.  The  specific  gravity  of  the  chorda- 
saliva  of  the  dog  is  1.0039-1.0056^  and  contains  12-14  p.  m,  solids  (Eck- 
HARD  ').  The  sympathetic  has  a  specific  gravity  of  1.0075-1.018»  with 
10-28  p.  m,  solids.  The  freezing-point  of  the  chorda-saliva  obtained  from 
dogs  on  electric  stimulation  varies,  according  to  Nolf,^  between  J=  — OdOS** 
and  --0,390,  with  a  cont<>nt  of  3.3-6,5  p.  m,  salts  and  4.1-11.5  p.  m.  oi^anic 
substances,  Tlie  osmotic  pressure  is  on  an  average  a  little  higher  than 
one  half  the  osmotic  pressure  of  the  blood-serum.  The  spontaneously 
secreted  s\ibmaxillary  saliva  is  ordinarily  scmiewhat  diluted.  The  gases  of 
the  chorda-saliva  ha\e  been  investigated  by  Pflugek.^  He  found  0.5-0.8 
per  cent  oxygen,  0,9-1  per  cent  nitrogen,  and  64.73-tS.i.l3  per  cent  carbon 
dioxide — all  results  calculated  at  0°  C.  and  760  mm.  pressure.  The  greater 
part  of  the  carbon  dioxide  was  chemically  combined. 

The  two  kinds  of  submaxillary  secretion  just  n..med  have  not  thus 
far  been  separately  studied  in  man.  The  secretion  may  be  excited  by  an 
emotion,  by  mastication,  and  by  irritating  the  mucous  membrane  of  the 
mouth,  espetually  with  acid- tasting  substances.  The  submaxillar^^  saliva  in 
man  is  ordinarily  clear,  rather  thin,  a  little  ropy,  and  froths  easily.    Its 

^  Upsala  Ukarcf,  Forh.  (N.  R),  2;  also  Maly 'a  Jahrwber.,  27. 
•Qted  from  Kiihne's  Lehrh.  d.  ph3*fiiol.  Chem.,  7. 
•  See  Maly 'a  Jidiresher,,  31,  404. 
*Pfluger*8  ArcL,  L 
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reaction  is  alkaline.  The  specific  gravity  is  1.002-1.001,  aid  it  cos 
3.6—4.5  p.  m-  solids.^  As  organic  roastituenta  are  found  muciti,  traces  of 
protcid  and  diastatlc  enzyme,  whicli  latter  is  absent  in  several  species  of 
animals.  The  inorganic  lx)dies  are  alkali  rhlorides,  sodium  and  magnesluai 
phosi>hates,  '  esides  bicar  onate>i  of  the  alkahes  and  calcium*  Potassium 
sulp!iocyanitle  occurs  in  this  saliva, 

Ta3  Sublingual  Saliva.  The  secretion  of  this  saliva  is  also  influeDced 
by  the  cerebral  and  the  f^ynipalhettc  nervous  system.  The  chorda-saliva, 
which  is  secretjed  onl}^  to  a  ^small  extent,  contains  numerous  salivary-  corpu  - 
cles,  but  Is  otherwise  traiLsparent  and  ver>'  ropy.  It^  reaction  is  alkaline 
and  contairLs,  according  to  Hi:ideniiain\'  27-5  p.  uk  s<r>lids  (in  dogs). 

1  he  ijuantity  and  composition  of  the  saliva  from  the  mucin  glands  as 
well  as  from  the  albuminous  glands,  as  P.vwlow*s  school  has  shown,  \r 
greatly  clependent  rpon  the  psychical  moment,  but  also  upon  the  kind  of 
substances  introduced  into  the  mouth.  Thus  the  r^eiirches  of  Wulf^un* 
upon  dogs  have  shown  that  the  mucin  glands  yield  on  taking  food  a  ropy 
saliva  rich  in  mucin  and  on  irritating  the  buccal  mucous  membrane  with 
destructive  or  nauseating  si  distances  a  thin  sa!i\^a  poor  in  mucin  is  ob- 
tainctl. 

The  svrblingual  secretion  in  man  is  clear,  mucilaginous,  more  alkal^'^^ 
than  the  submaxillary  saliva,  and  contains  mucin,  diastatic  enzyme,  aJ*" 
potassium  sulphocyaiiide. 

Buccal  mucus  can  only  !)e  o'>taine  I  pure  from  animals  by  the  raetH*^ 
sug^^Tstcd  by  Bidoku  and  Schmidt,  which  consists  in  tying  the  exit  to    ^ 
the  large  saUvary  glands  and  cutting  off  their  secretion  from  the  mou*^'^* 
The  quantity  of  liquid  secreted  under  these  circumstances  (in  dogs)  was   ^*^ 
very  small  that  the  tn\'estigators  named  were  able  to  collect  only  2  grams  ^^^ \ 
buccal  mucus  in  the  course  of  one  hour.     It  is  a  thick,  ropy,  sticky  Hqtti^^^"^ 
containing  mucin;   it  is  ri  h  in  form-elements,  above  all  in  flat  e  ithelirm    ^^ 
cells,  mucous  cells^  and  .^alivaiy  corpuscles.     The  quantity  of  solids  in  xh^^^ 
buccol  mucus  of  the  dog  is,  according  to  Bidder  and  Schmidt,*  9.98  p,  m. 

Parotid  Saliva.  The  sec  re  ti  in  of  this  saliva  is  also  partly  dependent  on 
the  cerebral  n-rvous  system  (n.  glossopharyngeus)  and  partly  on  the 
s\mipathetic.  The  secretion  may  be  excited  by  emotions  and  by  irri- 
tation of  the  glandular  nerves,  either  directly  (in  animals)  or  reflexly,  by 
mechanical  or  chemical  irritation  of  the  mucous  membrane  of  the  mouth. 
Among  the  chemical  irritants  the  acids  take  first  place,  and  the  saliva  thus 
secreted   contains,  according  to  the  observations  of  Wulfson  upon  dogs 

*  See  Mab\  'Xhemie  der  Venjauungssiifte  und  der  Verdaimng'*  in  Hennaan's 
Httndl>,p  »p  part  II,  18,     This  article  contains  also  the  pertinent  literature, 

*  Studien  d.  phyaioL  Institute  zu  Breslaii,  Ileft  4, 
*See  Maly's  JahresV>er,  20,  3GL 

*  Die  \'pr(lauungssafte  und  der  StoPfwechsel  (Mltau  and  Leipzig^  1852),  5. 
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ii:a  !y  vwice  cs  much  organic  matter  as  the  saliva  secreted  after  taking  food. 
Mastication  has  great  influence  in  the  secretion  of  parotid  saliva,  and  this 
is  especially  marked  in  certain  herbivora. 

Human  parotid  saliva  may  be  readily  collected  by  the  introduction  of  a 
canula  into  Stenson's  duct.  This  saliva  is  thin,  less  alkaline  than  the 
submaxillary  saliva  (the  first  drops  are  sometimes  neutral  or  acid),  without 
special  odor  or  taste.  It  contains  a  little  proteid  but  no  mucin,  which  is  to 
be  expected  from  the  construction  of  the  gland.  It  also  contains  a  diastatic 
enz}'me,  which,  however,  is  absent  in  many  animals.  The  quantity  of  solids 
varies  between  5  and  16  p.  m.  The  specific  gravity  is  1.003-1.012.  Potas- 
sium sulphocyanide  seems  to  be  present,  though  it  is  not  a  constant  con- 
stituent. KuLZ  *  found  a  maximum  of  1.46  per  cent  oxygen,  3.2  per  cent 
nitrogen,  and  in  all  66.7  per  cent  carbon  dioxide  in  human  parotid  saliva. 
The  quantity  of  firmly  combined  carbon  dioxide  was  62  per  cent. 

The  mixed  buccal  saliva  in  man  is  a  colorless,  faintly  opalescent,  slightly 
ropy,  easily  frothing  liquid  without  special  odor  or  taste.     It  is  made  turbid 
by  epithelium-cells,  mucous  and  salivary  corpuscles,  and  often  by  food 
residues.    Like  the  submaxillary  and  parotid  saliva,  on  exposure  to  the  air 
it  becomes  covered  with  an  incrustation  consisting  of  calcium  carbonate  and 
a  small  quantity  of  an  organic  substance,  or  it  gradually  becomes  cloudy, 
^ts  reaction  is  generally  alkaline  to  litmus.     The  degree  of  alkalinity  varies 
^considerably  not  only  in  different  individuals  but  also  in  the  same  individual 
during  different  parts  o'  the  day,  so  that  it  is  difficult  to  state  the  average 
^kalinity.    According  to  Chittenden  and  Ely  it  corresponds  to  the  alka- 
^nity  of  a  0.8  p.  m.  NaCO,  solution,  or  to  a  0.2  p.  m.  solution,  according  to 
^Oh\.    The  reaction  may  also  be  acid,  as  found  by  Sticker  to  be  the  case 
^^Hie  time  after  a  meal,  but  this  is  not  true  at  least  for  all  individuals.    The 
Specific  gravity  varies  between  1.002  and  1.008,  and  the  quantity  of  solids 
*^c^tween  5  and  10  p.  m.    According  to  Cohn  ^  the  J  =  —0.20°  on  an  average 
^tid  the  amount  of  NaCl  is  1.6  p.  m.     The  solids,  irrespective  of  the  form- 
constituents  mentioned,  consist  of  proteid,  mxicin,  two  enzymes,  "ptyalin  and 
Qhicasc,  and  mineral  bodies.     It  is  also  claimed  that  urea  is  a  normal  con- 
stituent of  the  saliva.    The  mineral  bodies  are  alkali  chlorides,  bicarbonates 
Of  the  alkalies  and  calcium,  phosphates,  and  traces  of  sulphates,  nitrites, 
ammonia,  and  sulphocyanides,  which  latter  average  about  0.1  p.  m.  (Munk 
and  others).    Smaller  quantities,  0.03-0.04  p.  m.,  are  found  in  the  saliva  of 
non-smokers  (Schneider  and  KrIjger  ^). 

*  Zeitschr.  f.  Biologie,  23. 

'Chittenden  and  Ely,  Amer.  Chem.  Joum.,  4,  1883;  Chittenden  and  Richards, 
Amer.  Joum.  of  Physiol.,  1;  Strieker,  cited  from  Centralbl.  f.  Physiol.,  3,  237;  Cohn, 
Deutsch.  med.  VVochenschr.,  1900. 

'  Munk,  Virchow's  Arch.,  69;  Schneider,  Amer.  Joum.  of  Physiol.,  5;  Kriiger, 
Zeitschr.  f.  Biologie,  37. 
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Sulphocj^anidcs,  which,  although  not  constant,  occur  in  the  saliva  oi 
man  and  certain  .  ninmls,  m  ly  be  easily  detected  by  first  acidifying  tfati 
saliva  with  hydroehloric  acid  and  treating  with  a  ver>'  dilute  solution  of 
ferric  chloride.     As  control,  especially  in  the  presence  of  very  small  quaih 
titles,  it  is  best  to  compare  the  test  with  another  test-tube  containing  ao 
ecjual  amount  of  acidulated  water  and  ferric  chloride.     Other  methods  ha\^ 
been  suggested  by  Gscheiulen  and  Solkha.    The  quantitative  euimat^on 
can  be  done  according  to  Monk's  *  method. 

Ptyalin,  or  salivary  diastase,  is  the  aniylolytic  enzyme  of  the  salivi. 
This  enzyme  is  found  in  human  siiliva,^  but  not  in  that  of  all  aiiimals, 
especially  not  in  the  typical  caniivora.  It  occnrs  not  only  in  adult^j,  hut 
also  in  new-born  infants.  In  opposition  to  Zweifel's  views  Bergeb* 
claims  that  it  is  present  not  only  in  the  parotid  gland  of  children,  but  also  in 
the  mucin  gland. 

According  to  H.  Goldschmidt^  the  saliva  (parotid  saliva)  of  the  horse  doa 
not  contain  ptyaliii,  but  a  zymogen  of  the  same,  while  in  other  animab  and  man 
the  |ityalin  is  formed  (nmi  the  zymogoii  « hiring  secretion.  In  horses  the  zymogen 
is  trariHformed  inio  [ityalin  during  maistifutioii,  and  bacteria  seem  lo  give  the 
impulse  to  this  change.  During  precipitation  with  alcohol  the  zymogen  is  changed 
into  ptyalin. 

Ptyalin  has  not  been  isolate!  in  a  pure  form  up  to  the  present  t*me.  It 
can  be  obtained  purest  by  Cuhnheim's  ^  method,  which  c(jnsists  in  carrying 
the  enzyme  down  mechanically  with  a  raleium-jjliosphate  ijrecipitate  and 
wasliing  the  jirecipitate  with  water,  which  dissolves  the  ptyalin,  and  from 
which  it  can  be  ol>tained  by  precipitiitiufj:  with  alcohol.  For  th^  study  or 
demonstration  of  the  action  of  ptyalin  one  employs  a  watery  or  glycerine 
extract  of  the  salivary  glands,  or  simply  the  saliva  itself. 

Ptj'alin^  like  other  enzymes,  is  characterizetl  by  its  action.  This  con- 
sists in  converting  starch  into  dextrins  and  su^^ar.  The  process  going  on 
in  this  conversion  may  be  described  as  follows:  In  the  first  sta^cjes  soluble 
starch  or  amkhdin  is  formeiL  From  this  amidulin,  er\'throdextrin  and 
sugar  are  produced  by  hydrolytic  cleavat;e.  The  erythrodextrin  then  splits 
into  a-aclirot>dextnn  an  1  surar.  From  this  achroodextrin  by  splitting 
^-achroodextrin  and  sugar  are  formed,  and  finally  tins  ^-achroodextrin 
gplits  into  sugar  and  ^--achroodextrin.  Other  investigators  explain  this 
process  in  another  manner  {see  Chapter  III),  hence  the  exact  procedure  is  not 
completely  clear.     Still  the  results  are  positive  as  to  the  sugar  producetl  in 


iGscheidlen,  Maly's  Jatiresber.,  4;  Solera,  see  ibtd,,  7  and  8;  Hunk,  Virchow'* 
Arch  .  m. 

*  In  regard  to  the  variation  in  the  quantity  of  ptyalin  in  human  saliva  see*  Hofbmier, 
Centralbl.  f.  PhysioL,  10,  and  Chittenden  and  Richards,  Amer  Joura.  of  Physiol,  1; 
Schiile,  Maly's  Jahresber.,  29. 

*  Zweifel,  Untefsuchungen  liber  den  Verdauungsapparat  der  Neugeborenen  (Berlin, 
1874) ;  Berger,  see  Maly 's  Jahresber.,  30,  399. 

*  Zeitschr.  f.  physiol.  Chera.,  10. 
•Virtshow'8  Arch.,  28. 
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this  process.  For  a  long  time  it  was  considered  that  dextrose  vras  the  sugar 
formed  from  starch  and  glycogen,  but  Seegen  and  0.  Nasse  have  shown 
that  this  is  not  true. 

ML\scrLus  and  v*  Mering  have  shown  that  the  sugar  formed  by  the 
action  of  saliva,  amylopsin,  and  diastase  upon  starch  and  glycogen  is  in 
greatest  part  maltose.  This  has  been  substantiated  by  Brown  and  Heron. 
Lately  E.  Kulz  and  J,  Vogkl  *  have  demonstrated  that  in  the  saceharifica- 
tion  of  is!  arch  and  glycogen,  isoma!tose,  maltose,  and  some  dextrose  are 
formed^  the  varying  quantities  depending  upon  the  amount  of  ferment  and 
length  of  its  action.  The  formation  of  dextrose  is  claimed  by  Tebb^ 
KoHMANN,  and  Hamburger  ^  to  be  only  a  product  of  the  inversion  of  the 
maltose  by  the  glucase.  The  action  of  small  quantities  of  acid  and  salts 
upon  the  activity  of  ptyalin,  purified  by  dialysis,  has  been  studied  by  Cole." 

The  action  of  ptv^alin  in  various  reactions  has  !>een  the  subject  of  numer- 
ous investigations.^  Naturally  the  alkaline  saliva  is  very  active,  but 
it  is  not  as  active  as  when  neutnil.  It  may  be  still  more  active  under  cir- 
ciunstances  in  faintly  acid  reaction,  and  according  to  Chittenden  and 
Smith  it  acts  better  when  enough  hydrochloric  acid  is  added  to  saturate 
the  proteids  present  than  when  only  simply  neutralizetl.  WTien  the  acid- 
combiued  proteid  exceeds  a  certain  amount,  then  the  diastatic  action  is 
diminished.  The  addition  of  alkali  to  the  saliva  decreases  its  diastatic 
action;  on  neutralizing  the  alkali  with  acid  or  carbon  dioxide  the  retarding 
or  preventive  action  of  the  alkali  is  arrested-  According  to  Schierbeck 
carbon  dioxide  has  an  accelerating  action  in  neutral  hqiiids,  while  Ehstein 
claims  that  it  has  as  a  rule  a  retarding  action.  Organic  as  well  as  inorganic 
acids,  when  added  in  sufficient  quantity,  may  stop  the  diastatic  action 
entirely.  The  degree  of  acidity  necessarv^  in  this  case  is  not  always  the 
same  for  a  certain  acid»  but  is  dependen.  upon  the  quantity  of  ferment. 
The  same  degree  of  acidity  in  the  presence  of  large  amounts  of  ferment  has 
a  weaker  action  than  in  the  presence  of  smaller  quantities,  Hydrochloric 
acid  is  of  special  physiological  interest  In  this  regard,  narael}^  it  prevents 
the  formation  of  sugar  even  in  very  small  amounts  (0,03  p.  m.)-     Hydro- 


*  Sce^en,  CentralbL  f.  d.  mecl.  Wiaaensch.,  1876*  and  Pfiiiger's  Arch.^  19;  Nasse, 
ibid.,  14;  Musculus  and  v,  Mering,  Zeit^chr  f,  phvijiol.  Chem,,  2;  Brown  and  Heron, 
Liebig's  Annal.^  W&  and  204;  Kulz  and  Vagel,  ZeiUchr  f.  Biologie,  31. 

'Tebl>,  Joum.  of  Physiol.,  Id;    Rohraatin,  B«n  d.  deutsch.  chem.  Geaellsch.^  27; 
Hamburger,  Ptliiger'a  Arch.»  60. 
>Joum.  of  Physiol.,  30. 

*  See  Haramarsten,  Maly's  Jahreaber.^  1;  Chittenden  and  Grkwold,  Amer,  Chem, 
Joum.,  3;  Langley,  Journid  of  Physiol.,  3;  Nyk'n,  Maly's  Jahresber,  12,  211;  Chit- 
tenden and  Ely,  Amer.  Chem.  Journ.,  4;  Langley  and  Evets,  Journal  of  Physiol,  4; 
Chittenden  and  Smith,  Yale  College  Studies,  1,  18S5,  1 ;  SchJesinger,  Virchow's  Arch., 
12S;  Shiprbt^ck,  Skand,  Arch.  f.  Physiol.,  3;  Ebatein  and  C.  Schidze,  \^irchow*s  Arch., 
IM;  Kui>el,  Pauger'i*  Arch.,  TU. 
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chloric  acid  has  not  only  the  property  of  preventing  the  formation  of  sugar, 
but,  as  shown  by  Laxgley,  Xylex,  and  others,  may  entirely  destroy  the 
enzjTne.  This  is  important  in  regard  to  the  ph\-sio!ogical  significance  of 
the  saliva.  That  boiled  starch  (paste)  is  quickly,  and  imboUed  starch  only 
skmly,  convened  into  sugar  is  also  of  interest.  Various  kinds  of  unboiled 
starch  are  converted  with  different  dezrees  of  rapidity. 

We  have  several  series  of  investications  upon  the  rapidity  with  which 
ptyalin  acts,  an  J  like  testing  enz\Tiie  action  in  general,  they  have  not  made 
use  of  the  different  times  to  produce  equal  chemical  changes  as  a  measure  of 
the  rapidity,  but  have  selected  the  quantity  of  substance  changed  in  equal 
time.  Although  the  results  are  somewiiat  ilvergen:  i:  is  possible  to  de  iuce 
the  following  from  the  results.  The  rapidity  increases,  at  least  under  con- 
ditions otherRTse  favorable,  with  the  amount  o;  ciz  rmi  and  with  an  increas- 
ing temperature  to  a  little  alx»ve  40^  C.  Forc'fjn  sul*sia'ict'^,  such  as  metallic 
salts ,^  have  different  effects.  Certain  salts  even  in  small  quantities  com- 
pletely arrest  the  action;  for  example  HgQ,  accomplishes  this  result  com- 
pletely by  the  presence  of  only  0.05  p.  m.  Other  salts,  such  as  masrnesium 
sulphate,  in  small  quantities  (0.2o  p.  m.)  accelerate,  and  in  lamer  quantities 
(5  p.  m.)  check  the  action.  The  presence  of  |ieptone  has  an  accelerating 
action  on  the  sugar  formation  (Chittexdex  and  Smith  and  other?*.  The 
accumulation  of  the  products  oj  the  amylolytic  dt  ami  posit  ion  SLl^f^  ehe<*ks  the 
action  of  the  saliva.  This  has  been  shr^wn  by  s[>ecial  experiments  matle 
by  Sh.  Lea.-  He  made  parallel  experiments  with  di:zestions  in  tosi-tubes 
ani  in  dialyzers,  and  found  on  the  removal  of  the  pr«xiucts  i»:  the  amyloly- 
tic decomposition  by  dialysis  that  the  formation  oi  suzslt  t.>»k  place 
sor»ner,  but  also  that  considerably  more  maltose  and  less  dextrin  were 
fonne<l. 

To  show  the  action  of  saliva  or  ptyalin  on  starch  the  three  orilinar\-  tests 
for  dextrose  may  be  use*],  namely.  Moore's  or  Trommeu  s  tost  or  the 
bismuth  It  St  (see  Chapter  XV).  It  is  als*.>  nei^essary.  as  a  oontri»l.  to  first 
test  the  starch-paste  and  the  saliva  for  the  presence  of  vlextn:><e.  The 
ste-s  forme- 1  in  tiie  transfonnation  of  starch  into  amiduliii.  erithrvxloxtrm, 
and  afhnKMjextrin  may  \je  shown  by  testiuir  with  iodine. 

Glu  nsf  only  occurs  in  saliva  to  a  sliirht  extent.  It  converts  maltose 
into  dexTrr»so.  According  to  Sticker  '  saliva  also  has  the  {^nver  <»f  splittiiur 
sulphurette*!  hydrogen  from  the  sulphur  oils  of  radishes,  onions,  anil  certain 
.  other  vegetables. 

The  quantitative  composition  of  the  mixevi  saliva  must  var\-  considerably, 
not  only  because  of  inilividual  differences,  but  also  because  under  variing 

*  See  O.  Nasac,  Pfluger's  Arch..  11.  and  Chittenden  and  Painter,  Yale  Colle^ 
Studies,  1,  18^5.  52;  KuW.  Pfluger's  Arch..  76. 

'  Joum.  of  Physiol..  11. 

•  Munch,  med.  Wochenschr.,  41. 
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Dnditions  there  may  be  an  unec[iial  division  of  the  secretion  from  the  differ- 
it  glands.     We  give  below  a  few  anaV  es  of  human  saliva  as  examples  of 
its  coniposition.     The  results  are  in  parts  per  1000. 


f  UCI18  and  epithelium.  .... 
olul»le  organic  suhsUmees, 
(Pivalif)  tjf  early  invent! ^tor^O 

Sulphocymiides 


Salt*. 


992.9  1195.16 
7.1  I     4.84 


0.06 


1.9 


1.82 


a; 

« 

5     ** 

vi 

1 

i  5 

X 

35 

Si 

994.1 

988.3 

994.7 

5.9 

11.7 

5.3 

3.5-8,4 
in 

filtered 

2.13 
1.42 

3.27 

0.10 

0.064 
to 

0.09D 

2.19 

1.03 

994.2 
5.8 


Hammkrbachkr  found  in  1000  parts  of  the  ash  from  human  saliva:  i>olj4sh 
457.2,  sodii  95.9,  iron  oxide  50.11,  magnrsin  1.55,  siilphurie  anhydride  (SO,)  63.8, 
phosphoric  anhydride  (PaO^)  188.48,  and  chlorine  183.52. 

The  quantity  of  saliva  secreted  during  twenty-four  hours  cannot  be  ex- 
actly detonniiiod,  but  ban  been  calculated  liy  liiDOKn  and  Schmidt  to  be 
1400-1500  grams.     Tfie  most  abundant  secretion  occurs  during  meal-times. 
Acconling  to    the  calculations  and  determinations  of  Tuczek^  in  man,  1 
gram  of  gland  yields  13  grams  of  secretion  in  the  course  of  one  hour  during 
^fciastication.     These  figures  correspond  fairly  well  \iith  those  representing 
^Khe  average  secretion  from  1  gram  of  gland  in  animals,  namely.  14.2  p'ams 
^Bn  the  horse  and  S  grams  in  oxen.     The  quantity  of   secretion  per  hour 
^■nay  be  8  to  14  times  greater  than  the  entire  ina^s  of  glands,  and  there  Is 
^^robably  no  gland  in  the  entire  body,  as  far  as  Ls  kno^vn  at  present — the 
kidneys  not  exceptetl — whose  ability  of  secretion  under  physiolopjical  con- 
ditions e<^]uals  that  of  the  salivary  glands,     A  remarkably  abundant  secre- 
I4ion  of  saliva  U  induced  by  pilocarpine ,  while  atrojdne,  on  the  contrar)% 
prevents  it. 
[     That  the  secretion  of  saliva,  even  if  we  do  not  consider  such  substances 
as  ptyaliUp  mucin,  and  the  likoi  is  not  a  procesi  of  filtration,  follows  from 
many  reasons,  especially  the  following:  The  salivary*  glands  have,  more- 
over, a  specific  property  of  eliminating  certain  substances,  such  as  potassium 
fialtd  (Salkowski  *),  iodine,  and  bromine  combinations,  but  not  others, 


*  Zeitschr.  f,  phyaiol.  Chem.,  5,     The  other  anal>^e3  are  cited  from  Maly,  Chemie 
der  Verdaiiungssilfte,  Hermann's  liandbuch  d.  Physsiol,  o,  part  11,  14. 
'  Bidder  and  Schmidt,  I  c,,  13;  TuczeJt,  Zeit^srhr,  f.  Biologie,  12. 
■  Virc how's  Arch.,  53. 
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HUi'h  08  Iron  combinations  and  dextrose.  It  is  also  noticeable  that  the 
aaliva  is  rifhtT  in  solids  when  it  is  eliminated  quickly  by  gradually  increased 
f*timulati(jn,  ant!  in  larger  quantities  than  when  the  secretion  is  slower  and 
leKB  abundant  (IIkidenhain),  The  amount  of  salts  increases  also  to  a 
certain  degree  by  an  increasing  rapidity  of  elimination  (Heidbnhain, 
Wi:irrni:n,  I-iANaLEY  and  Fletchek,  Noyi  ^)» 

I  .ike  the  secretion  processes  in  general,  the  secretion  of  saliva  is  closely 
cojuK^citMl  with  the  processes  in  the  cells.  The  chemical  processes  going  on 
in  these  cells  durliig  secretion  are  still  unknown. 

The  Pkijsioiogical  Importance  of  the  Saliva.  The  quantity  of  water  in 
the  snliva  renders  [)ossible  the  action  of  certain  bodies  on  the  organs  of 
titste,  anil  it  nho  serves  i\s  a  solvent  for  a  part  of  the  nutritive  substances. 
Tlu*  inii>ortauci^  tif  the  saliva  in  mastication  is  especially  marked  in  her- 
bivora,  and  there  is  no  quest ic»n  as  to  its  inqiortance  in  facilitating  the  act 
i»f  swallow ing,  rhe  saliva  containing  mucin  is  especially  important  in 
this  regard,  i^^'^l  Tawlow^s  school  has  shown  that  the  secretion  also 
regulates*  it.sctf  in  this  regard*  In  dogs  dried  bread  produced  an 
AbiUKluitt  flow  of  saliva  rich  in  mucin,  while  fresh  meat  which  excited 
the  api>etite,  protlucetl  a  comparatively  8n[ialler  secretion.  The  power 
of  converting  st^indi  into  sugar  is  not  inherent  in  the  sahva  of  all 
aninuds,  and  even  when  it  possesse^a  this  property  the  intensity  varies  in 
difTerent  animals.  In  man,  who  e  saliva  forms  sugar  rapidly,  a  production 
of  su'-ar  from  Ox^ihnl)  starch  undoubtedly  takes  place  in  the  mouth,  but 
how  far  this  action  proceeds  after  the  morsel  has  entered  the  stomach  de- 
pends uj>ou  the  mpidity  with  which  the  acid  gastric  juice  mixes  with  the 
Swallov\>\l  fixxl»  and  also  uix>n  the  relative  amounts  of  the  gastric  juice  and 
fooil  in  the  si4>mach.  The  large  quantity  of  water  which  is  sw  allowed  \i-ith 
the  jiaUva  must  be  Hl*s*>rlxxi  and  pass  into  the  blood*  and  it  must  go 
thitH^h  an  intermediate  circulation  in  the  uiganisin.  Thus  the  organism 
pewjOTiLTies  in  the  sjdiva  An  active  mtxiium  by  which  a  constant  stream,  con- 
\T>nt^  the  dissolvrtl  and  ftnely  divided  bodies^  passes  into  the  blood  from 
the  iiil«6UiiaI  eanal  during  dig^tkui. 

Sritrarf  0»omaM«l»  T^  m-calM  tartar  is  reHow,  gray,  v^l&owish-gray, 
bro^T)  %w  t4aek,aiid  luKsaitniUIMfilmcttinf,  It  may  contain  aioce  than  2Q0  p.  m. 
twfiuiic  ^b«tanor«^  wbicb  conflMd  of  miiciti*  efHtbtfiiiiii,  and  ucprorntais-caAENs. 
IV  rh»rf  i^n  i^  tb»  imoffUiie  eonallliKiils  coMsIa  of  caldimi  ovbooate  and 
f^bci^ihjit*'.  Tbc  !«altTaf)r  raktili  i»ay  rarr  in  mm  fnm  Ibal  of  a  small  grain  to 
litakl  i^  a  pMi  or  still  kns*  Km  saliviary'  cjilcului  has  bnft  lauad  wci^bmg  1816  gramsh 
and  It  t^mtUMm  a  varabb  quantity  of  or^UBkc  mlffteato  (50-380  p.  m.),  wfakli 
rmnim  oa  asHaetlni:  th^mMbm  aiiK  li>^AioclilQnc  acid  The  dad  iaorsuiio 
rcaoliliieiil »  cttkiiM 
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tl.    Tlie  Glands  of  the  Mucous  Membrane  of  the  Stoiiiaclit  aud  the 

Oastric  Juice. 

Since  of  old,  the  glands  of  the  mucous  coat  of  the  stomach  have  been 
divided  into  two  distinct  kinds.  Thof^  which  occur  in  the  greatest  abun- 
dance and  whi  h  have  the  greatest  size  in  the  fundus  are  called  {undus  glandSf 
also  rennin  or  pepsin  glands,  and  the  others  which  occur  only  in  the  neigh- 
borhood of  the  pylorus  have  received  the  name  of  pyloric  glands^  sometimes 
also,  though  incorrectly,  called  mucous  fjlands.  The  mucous  coating  of  the 
stomach  is  covered  throughout  with  a  layer  of  columnar  epithelium,  which 
is  generally  considered  as  consisting  of  goblet  cells  that  produce  mucus  by  a 
metamor|ihosis  of  the  i)rotuplasnL 

The  fundus  glands  contain  two  kinds  of  cells:  aoelomorphic  or  chief 
cells,   and    OELcyMuuFHie   or   pahietal  colls,   the   latter   formerly   called 
REXXIN  or  pept^in  cells.     Both  kinds  con:sist  of  protoplasm  rich  in  protcids; 
but  their  relationship  to  coloring-mattei^  seems  to  show  that  the  protein  sub- 
stances of  both  are  not  identical.    The  nucleus  nnist  consist  chiefly  of 
nuclein.     Besides   the   above-njcntianed    constituents    the    fundus   glands 
contain  as  more  specific  constituents  several  enzymes  or  their  zymogens 
besides  a  little  fat  and  cholesterin. 
^^      The  pyloric  glands  contain   cells  which  are  generally  considered  as 
^Belated  to  the  above-mentioned  chief  cells  of  the  fundus  glands.    As  these 
^Klands  were  formerly  thought  to  contain  a  larger  quantity  of  mucin,  they 
^^pere  also  called  mucous  glands.     According  to  Hkiokxhain,  independent 
of  the  columnar  epithelium  of  the  excretory  ducta  they  take  no  part  worthy 
of  mention  in  the  formation  of  mucus,  which  according  to  his  views  is 
effected  by  the  epithelium  covering  the  mucous  membrane.    The  pyloric 
glands  also  seem  to  contain  the  zymogens  referred  to  above.     Alkali  chlo- 
rides, alkali  phosphates,  and  calcium  phosphates  are  found  in  the  mucous 
coating  of  the  stomach, 

LiEBERMANN '  hus  obtained  an  acid -reacting  residue  on  digesting  the  mucosa 
'of  the  stomach  with  pcpsiti -hydrochloric  acid,  which  strangely  contained  no 
nuclcin,  but  only  a  protcid  containing  leritliin,  called  lecitlialbumin.  To  iliiis 
leci  til  album  in  he  ascribes  a  great  importance  in  the  sccretioo  of  hydrochloric 
acid. 

The  Gastric  Juice.  The  obscrv^ations  of  Helm  and  Beaumoxt  on 
persons  with  gastric  fistula  led  to  the  suggestion  that  gastric  fistulas  be 
made  on  animals,  and  this  operation  was  first  performed  by  Bassow  '  in 
1842  on  a  dog.     Vefineuil  performed  the  same  on  a  man  in  1876  with 


M 
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*  Pflu|2jer*8  Arch.,  50. 

'  llelni»  Zwei  Krankc»ngf?schichlen.     Wien,  1803,     Cit.  from  Hermann's  Ilaudbuch, 
5,  pari  n,  311     Beaumont,  *'The  Physiolo?^  of  Digestion/*  1S33;    Btissow,  Bull,  de 
e<KJ.  des  iiatiir  de  Moscou,  Itl     Cit.  irom  Maly  in  Hermann *8  Handbueh.  5*  3S; 
erneuil*  seeCh.  Richet,  "r>n  Sac  gastrique  cUeic  I'homme/'  etc.  (Paris,  1878),  158. 


2»  UGESTK', 

2:-«rrr.AH  *ax^ri=i«iVfi  ^x^-C-  Ii  -c-j  :«snr^  T-iyr  rt57-!i5c  i=±aeQce.  aad 
Mr.  ',7  t^^'ji- A^Jcc  'X  'i^t  nr2«.i25  ZJCEiinci?-  Aggi:r~r  *:  'lire  ^rizzary  tspw 
•Jtu«  ^nir:!: .  jfcricr  z:^y  ?^ "/  &  =u»f  A^'^aL  iriMmjr-  •: r  irtT-'fal  zAinr^.  A=>:*iss: 
tr^  lar.J>f  »  ':zjrcM^  £fxixX  *cii  «£«■.  -^iiri.  ^iic  zi  'c*:  c^tAZ  cc-Qoesiira- 

r/r  iJUTJ^'cy  zlgAcz^  frii-L  To  tiia*  ^I&s  also  Sfenci  txsr,xr.  jciis.  carbon 
^>/a>>:.  r.^itnu  Mu">.  nji^a*  extracts,  fpkcs-  ar*i  otbff  boiies.  bui  unior- 
V-.txrAy  *xjh  r*5^>r>rf  cfeewrvatioss  are  uiJg«TArr  xr\\  cocrraiiciory :  but 
th^^  'y>e*  r/#*  5!^:^t&  v>  be  any  drxib:  tha:  i=.  ziaa  aix-b-kl  aa?i  zie&t 
^?z*ra^>,  an  kaft^>  have  ar^  aircekradsg  acto>E.  upon  "ibe  Sow  of  juice. 

Tr>;  r.Vi^.t  exbaa^tive  leeearthes  on  the  seeieiioa  of  gastric  juice  (in 
^0g»f:A'iH  \0hf^  n/fM:  \/y  Pawlow  a&i  his  pupOs. 

f r»  f0^  tff  oFxain  fDutri^  josre  frw  from  safiTa  and  food  rcsidiies  iheT  arranf^ed 
\^if]^^  a  puttnf^.  fjttfiia  &ly>  an  rj^^>pbac»l  fistula  frr>m  which  the  swalloved  food 
#y/*ild  ^^  wif.Mrairri  iinth  thfr  saliva  without  entering  the  stomach,  and  in  this 
u»s^u:,0^  an  sk;f^4kr^tt  it^iii^  vsu*  fjossiWe.  In  this  way  i:  was  possible  to  study  the 
ififl'Mrf*''^  'A  i^yf^i'if:st\  montfrTitA  fjn  one  si<fc  and  the  direct  action  of  fiiod  on  the 
r/iri/'//'u  rri#rfrjJ>rari^  on  th»^  othi^^r.  After  a  method  suggested  by  Hqdexh.un  and 
lat>rr  utiffTfr/^l  \jv  pAU'ryiH'  and  Khigixe.  they  have  «urreeded  in  prepcring  a  blind 
M/;  by  ifunml  /fi.»rt#^.ion  of  the  funda«  part  of  the  stomach,  and  the  secretion 
^/ft^tf»iH^  tTt,H\f\  \jf.  rtUfJied  in  thi.-*  sac  whik  the  digestion  in  the  other  f^rtsof  the 
itf//rna/rh  wa*  goirijf  on.  In  thw  way  they  were  able  to  study  the  action  of  different 
f/x^U  on  tlj#r  mtrr^iiiou, 

Thr;  J  f  if  Hit  r:!«r*^*ntial  Tfii^i\Vi  of  the  investigations  of  Pawlow  and  his 
puj/ilt  ar^;a^.  follown:  Mf-chanical  stimulation  of  the  mucosa  does  not  prcnluce 
any  ^/t'SfiuiU.  f'h^rniical  and  mf.-chanical  irritations  of  the  mucous  mem- 
hran^'  of  th^r  mouth  cauw  no  reflex  excitatir^n  of  the  secretor}-  nerves  of  the 
HUitusu'h.  ThrTe  are  only  two  moments  whifh  cause  a  secretion,  namely, 
th#f  fi.»ychical  rnomr'nt— the  [»as.sir;nate  desire  for  fooil  and  the  sensation  of 
witi-faciion  anrl  pleasure  on  j)artakinfr  it — and  the  chemical  moment,  the 
action  of  certain  cliemical  substances  on  the  nuicous  membrane  of  the 
htornach.  'i'he  first  moment  is  the  most  important.  The  secretion  occur- 
rin;'  nruU-r  it.s  influence  by  the  va<i;;is  fibres  appears  earlier  than  that  pro- 
duced by  chemical  irritants,  ])Ut  always  after  a  pause  of  at  least  A\  minutes. 
1hiM  wcrction  is  more  abundant  but  less  ccmtinuous  than  the  *  chemical." 
1 1  yi*'!'!*^  a  more  acid  and  active  juice  than  the  latter.  As  chemical  excitants 
whirli  cauH(^  a  w(  retion  refl(»xively  through  the  stomach  mucosa  we  include 
only  wal<T  and  certain  unknown  extractive  substances  contained  in  meat 

*  Piiwlow,  l)if«  Arl>f!it  (\vt  VcrdauunpKiriiscn  (Wiesbaden,  1898\  where  the  works 
of  hin  piipilM  tiTv.  iilw)  inmtioned.     See  alao  Ergebnisse  der  Physiologie,  1,  Abt.  L 
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and  meat  extractj?,  in  impure  peptone,  and  also,  it  seem^,  in  milk.  Accord- 
ing o  Hekzex  and  Radzikowski  *  alcohol  is  also  a  st  ong  agent  in  pro* 
dating  a  flow  of  juice.  Carbonated  alkalie^s  liave  a  preventive  instep  of  an 
accelerating  action  on  secretion.  Fats  have  a  retarding  action  on  the 
appearance  of  secretion  and  diminish  the  quantity  of  juice  secreted  as 
well  as  the  amount  of  enzyme.  The  substances,  such  as  egg-albumm, 
which  act  as  chemical  stimahnts  cannot  be  digested  by  the  ''psychtcar* 
secretion,  liut  may  perhaps  cause  a  chemical  secretit>n  by  their  deconipod- 
tion  products. 

The  quantity  of  juice  secreted  during  digestion  is  proportional  to  the 
quantity  of  food,  and  the  secretion  of  gastric  juice  may  also  be  influenced 
by  the  kind  of  food.  This  action  of  various  foods — meat,  bread,  and  milk- 
may  be  arranged  in  progressive  series  as  follows: 


Acidity. 

Digestive  Activity 

Durmlion  of  SeoretioD. 

1. 

Meat. 

Bread. 

Bread, 

2. 

Milk. 

Meat. 

Mrat 

3. 

Bread. 

Milk. 

Milk, 

The  acidi  y  is  greatest  with  a  moat  diet  and  lowest  with  bread  j  the 
quantity  of  enzyme  is,  on  the  contrar}^  highest  with  a  bread  diet  and 
knvest  with  milk. 

The  secretion  in  the  stomach  may  also  be  influenced  by  the  small  intes- 
tine, and  in  this  way,  as  shown  by  the  recent  investigations  of  Pawlow 
and  WtRscHUHSKi,"  the  fats  have  a  retarding  action  upon  gastric  diges- 
tion, by  acting  refiexly  upon  the  duodenal  mucosa.  According  to  Frcjuin 
the  food  in  the  intestine  produces  a  secretinn  of  gastric  juice  which 
continues  after  the  action  of  the  psychic  moment  has  ceaseiL  Leconte  * 
arrived  at  sinailar  residts,  and  he  ascribes  less  importance  to  the  chemical 
secretion  as  compare  I  to  the  ps^^-hic  secretion  than  Pawlow  does. 

We  know  very  little  in  regard  to  the  secretion  in  man  and  the  reports  at 
hand  are  ver\^  contrail ict45r\\  An  action  of  the  ps}^chic  moment  has  thus 
far,  in  most  crises,  not  been  confirmee  I  to  any  mentionable  degree.  IIorn- 
BORG,  who  recently  studied  a  case  of  gastric  fistula  with  a^sophageal  stricture 
in  a  boy,  could  not  observe  any  influence  of  the  psychic  excitement.  The 
chewing  of  indifTerent  or  bmily  asting  boilies  had  no  action,  whib  on  ihe 
contrary  the  chewing  of  bodies  with  a  pleasan  taste  producetl  a  mor;^  or 
less  abundant  secretion.  That  th?  preparation  of  the  food  in  the  mouth 
has  an  essential  influence  ufxin  the  secretion  is  proven  without  doubt,  but 
we  art-  not  united  as  to  how  this  action  takes  place.     Certain  experim  ntcrs 


*  Pflijger's  Arch.  M.  513. 

*Cit4»d  frorti  O.  Cohnheirn*  Miinck  med.  Wochenschn,  1902. 

•  Frouin,  Compt.  rend.  soc.  bioL,  53;  Looonte.  La  Cellule,  17. 
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consider  the  secreted  and  swallowed  saliva  as  the  most  essential  factor  in 
this  action,  while  others  believe  the  chemical  action  and  the  sense  of  taste 
to  be  most  important.  Among  the  chemical  excitants  Yerhaegen*  claims 
the  extractive  bodies  of  meat  are  the  most  active. 

Tlw  QuaHtative  and  Qtmnlitative  Composition  of  (lie  Gastric  Juice,  The 
gastric  juice,  which  can  hardly  be  obtainetl  pu  e  and  free  from  residues  of 
the  f  _od  or  from  mucus  and  sahvaj  is  a  clear,  or  only  very  faintty  cloudy, 
and  in  man  nearly  colorless  fluid  of  an  insipid,  acid  taste  antl  strong  acid 
reaction.  It  contains,  as  form-elements,  glandular  alls  or  their  nuchiy 
mucuS'CorpmcIes,  and  more  or  less  chan"2;ed  a?lwnnar  epithet  ium. 

The  acid  reaction  of  the  gaslric  juice  depends  on  the  presence  of  f^ee 
acid,  which,  as  has  l>ecn  learned  from  the  investigations  of  C,  Scftmidt, 
RjCHKT,  and  others,  consi>its,  when  the  gastric  juire  is  pure  and  free  from 
particles  of  food^  chiefly  or  in  large  part  of  hjdrochloric  acid,  Con'teje.\n  * 
has  regularly  found  traces  of  la  tic  acid  in  the  pure  gastric  juice  of  fa^^ting 
dogs.  After  partaking  of  food,  especially  after  a  meal  rich  in  carbohydrates, 
lactic  acid  occui^s  abundantly,  ami  sometimes  acetic  and  Imtyrie  a  ids.  In 
new-born  dogs  the  acid  o[  the  stomach  is  lactic  acid,  according  to  Gmislin'*^ 
The  quantity  of  free  hydrochloric  acid  in  the  gastric  juice  is,  according  to 
Pawlow  and  his  pupils,  in  dogs  5-6  p.  m.,  and  in  cats  an  average  of  5,20 
p.  m.  HCl.  In  man  the  acidity  has  been  found  to  vanr*  considerably,  but 
it  is  generally  calculateil  as  2-3  p.  m.  HCL  According  to  Verhaegen's 
researches  there  is  no  doubt  that  pure  humiu  gastric  juice  from  perfectly 
healthy  persons  has  a  hi*^h?r  acidity.  There  is  hardly  any  doubt  that  at 
least  a  part  of  the  hydrochloric  acid  of  the  gastric  juice  does  nut  exist  free 
in  the  ordinary  sense j  but  combined  with  organic  substances.' 

As  chief  organic  constituent,  perfectly  fresh  gastric  juice  (of  dogs)  con- 
tains a  very  complex  substance  (or  perhaps  a  mixture  of  substances)  which 
coagulates  on  boiling  and  which  separates  on  strongly  cooling  the  juice. 
This  substance  is  c<rnsidered  by  certain  experimenters  (Nexcki  and  8ieber, 
and  Pawlow)  a?  the  conveyor  of  the  several  ferment  actions  of  the  gastric 
juice,  i.e.,  the  pepsin  as  well  as  the  rcnniu  action.  Gastric  juice  also  con- 
tains lecithin  and  chlorine,  and  yiMds  nucleoproteid,  proteose,  nuclein  bases, 
and  pentose  as  cleavage  products  (Nencki  and  Sieber  *). 


*  Homborg,  Bidrag  till  kannedom  om  magsaftafsondnngen  hos  mdnniskan,  Inaug- 
DLs^ert.  Hebin^fors,  19r>3.  Different  results  have  been  recently  obtained  by  Bula- 
^nzesv,  Bioehom.  Centralbl,  1.  593;   Verhaegen,  ''La  Cellule/'  1S93  and  1S97. 

'  Bidder  and  Schmidt,  Die  Verdauunggsitfte,  etc,  44;  Hichet,  I  c;  Contfjean,  Con- 
tributions k  Tetude  tie  la  physioL  de  Testomac.  Thi^ses.     Paris,  1892.  I 

*  Pfliiger's  Arch.,iM>.        *  I 

*  See  Richet,  1.  c. ;  Contejean,  I.  e, ;  Verhae^en,  L  c  ;  and  the  literature  cjn  the  ^t* 
mation  of  hydrochloric  acid  in  the  jE;astric  contents  (page  315). 

'  Zeitiichr  T  physiol  Chem.,  a2. 


PEPSIN. 


299 


The  specific  gravity  of  gastric  juice  is  low.  LOOl-1.010.  It  is  corre- 
spondingly poor  in  solids.  Older  analyses  of  gastric  juice  from  man,  the  dog^ 
and  the  i^heep  have  be.^n  ma<le  by  C.  Schmidt.*  A,s  these  analyses  refer  only 
to  impure  gastric  juice  they  are  of  little  value.  The  r|uantity  of  solids  in 
saliva-free  gastric  juice  from  a  dog  was  27  p.  m.,  with  17.1  p.  m.  organic 
substance.  The  qiiautitv  of  free  hydrochloric  acid  was  ^A  p,  iii.  Besides 
these  Sc^H\nDT  found  XaCl  1.46;  CaClj  0.6;  K(l  1.1;  NH/I  0.5;  earthy 
phosphates  1.9;  and  FePOi  0.1  p»  m*  Nenckj  ^  found  5  milligrams  sul- 
phocyanic  acitl  per  liter  of  gastric  juice  of  a  dog.  The  pure  ga^stric  juice 
of  another  dog  contained,  according  to  Nexcki  and  Sieber,^  an  average 
of  3.06  p.  m,  solids. 

Besides  the  free  hydrochloric  aci«l,  p'fmn,  nmninf  and  a  lipase  are  the 
other  physiologically  important  constituents  of  gastric  juice. 

Pepsin,  This  enzyme  is  found,  with  the  exception  of  certain  fishes,  in 
all  vertebrates  thus  far  investigated. 

Pepsin  occurs  m  adults  and  in  new-bom  infants.  This  condition  is 
different  in  new-born  animals,  Wliile  in  a  few  herbivora,  sueh  as  the 
rabliii,  pepsin  occurs  in  the  mueons  coat  before  birth,  this  enzyme  is  entirely 
absent  at  the  birth  of  those  carnivora  which  have  thus  far  been  exaniineil, 
such  as  the  dog  and  cat* 

In  various  invertebrates  enzymes  have  also  been  found  which  ha\'o  a 
proteolytic  action  in  acid  solutions.  It  ha8  been  shown  that  these  enzymes, 
nevertheless,  are  not  in  all  animals  identical  with  ordinary'  pepsin.  Accord- 
ing to  IVLUG  and  Wr6blewski  *  the  pepsins  found  in  man  an*l  various 
higher  animals  are  somewhat  different.  Enzymes  also  occur  in  various 
plants  and  animal  organs;  although  not  identical  with  pepsin,  they  act  in 
aeid  reaction  and  stand  to  a  certain  extent  between  pepsin  and  ttypsin.  To 
lliis  group  belongs  Glaf.ssneu  's  pscudop^jmn,  wldch  according  t<j  him  is  the 
only  peptic  enz>^ne  in  the  pylorus  end,  but  whose  existence  is  disputed  by 
Kluc;,*  The  pseudopepstn  acts,  accorrling  to  Glaessner,  abo  in  neutral 
and  alkaline  reaction  and  jields  tryptophan  among  other  clea\'age  prod- 
nets*  Among  the  enzymes  of  the  mucosa  of  the  stomach  belongs  the  so* 
called  anti pepsin  first  discovered  by  Danilewsky  and  Hexsel  and  then  also 
by  Wei N LAND,"  and  which  has  a  retarding  action  upon  pepsin  iligestioa 
and,  as  is  admittetl,  prevents  the  self-digestion  of  the  mucous  membrane. 

Pepsin  is  as  difficult  to  isolate  in  a  pure  condition  as  other  enzvmea. 
The  pepsin  prepared  by  Brucice  and  Suxdbebg  gave  negative  results  \\ith 


iL.  c. 

'  Ber.  d.  d,  chem,  GcselUch.,  28. 

■Zeitschr.  f.  physiol  Chem.,  3t. 

*lGug.  Pfliigpr's  Arch.,  GO;   Wr6b1ewski,  Zeitschr.  f.  physiol  Chem.,  21, 

•Glaessner,  Hofmeist«" *s  Beitr;ige,  1;   Klusf,  Pfl deer's  Arch,,  92. 

•  Hensel.  see  Biochem.  CentralbL,  1,  404;  WeiuUiud,  Zeitschr  f.  Biologic,  44. 
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most  reagents  for  proteids,  and  showed  nevertheless  a  powerful  action,  which 
Beems  to  indicate  that  it  is  very  pure.  Schoitmow-Simanowski,  Nencki  and 
3iEBER  ami  also  PEKEUiARiNCi  have  de^signated  as  the  tnie  enz>^me  the  sub- 
Btance  containing  chlorine,  which  they  obtaine*!  by  strongly  cooling  the 
gastric  juice.  That  this  substance  is  not  an  individual,  and  hence  cannot 
be  pepsin,  follows  from  the  investigations  of  Pkkklharixg.  "Uliile  pepsin, 
acconling  Ui  Nexcki  anrl  Sieber,  was  rich  in  i>hosphorus  and  contaioetl 
micleoproteid,  Pekelhahing 's  pepsin  was  free  from  phosphorus  and 
yielded  no  nucleoprotcid. 

Fhiedenthal  atid  MiYAMfiTA  *  havc  also  shown  that  the  pepsin  is 
still  active  after  the  splitting  off  of  the  nuclein  complex  (and  also  the  pro- 
teid).  The  question  as  to  the  nature  of  pepsin  \iii^  not  been  positively 
decided,  just  as  Ls  the  case  with  other  enzymes.  According  to  Biernacki  ' 
pepsin  in  neutral  sohitions  is  destroyed  by  heating  to  55°  C.  In  the 
presence  of  2  ji.  m.  HCl  a  temperature  of  55^  C,  is  without  action;  the 
pe|)sin  in  acid  solution  is  destroyetl  by  heating  to  65^  C.  for  five  minutes. 
On  adding  peptone  and  certain  salts  the  pepsin  may  be  heated  to  70°  C- 
without  decomposing.  In  the  dry  state  it  can,  on  the  contrary,  be  heated 
to  over  100*^  C.  without  losing  its  physiological  action.  The  only  property 
w*hich  is  characteristic  of  pepsin  is  that  it  dissolves  proteid  bodies  in  acid 
but  not  in  neutral  or  alkaline  solutions,  with  the  formation  of  proteoses, 
pept<mes,  and  other  products. 

The  methods  for  the  preparation  of  relatively  pure  pepsin  depend,  as  a 
rule.  U[)on  it-i  }>rnpcrty  of  being  thrown  down  with  finely  divideil  precipi- 
tates of  otlier  bo<lies,  such  fis  calcium  i>hosphate  or  cholesteriru  The  rather 
complicatctl  methods  <jf  HnuciCK  and  Sunoukru  are  Iiased  upon  this  prop- 
ertv.  PEKELHAHTNt;  makes  use  of  a  prolonged  dialysis  and  precijiitatioix 
wifh  0.2  p.  m.  HCL 

Yr'ry  permanent  pepsin  solutions,  fmm  which  the  enzyme  with  coii- 
eiderable  firott^id  can  lie  [>rerij>itate<l  by  alcohol,  uiay  l>e  prejiared  by  extrae- 
titJii  with  glycerine.  Sniutions  havino:  a  strony:  action  may  also  be  prepai^etl 
by  rnakins:  an  infusion  nf  the  gastric  mucosa  of  an  animal  in  acidified  water 
(2-5  p,  nh  HCI).  This  is  unnecessary,  as  we  can  ol>tain  pure  gastric  juice 
flcrcH'din'f  t-o  Pawlow^s  method,  and  als<i  because  very  active  commercial 
preparations  of  pepsin  can  be  bought  in  the  market. 

The  Action  of  Pepsin  on   Proteids,     Pepsin  i>  inacti\^e  in  neutral  or 
alkaline   reactions »  but    in   acid   htjuids   it   dissolves    coagtdated   proteid 
liodies.    The  protciil  always  swells  and  becomes  transparent  before  it  di»-  ' 
fiolves.     Unboiled  fibrin  swells  up  in  a  solution  containing  1  p.  m.  HCl, 


'  Brucke,  Wiea.  Stt»uiigsber. ,  43;  Sundberg,  Zeitschr,  f.  physiol,  Chcra.,  0;  Schou* 
rnovv-Simaiiowaki,  Arch.  f.  exp.  Path,  u.  Pharm,,  33;  Pekelharinir,  Zeitschr.  f.  phyaiol, 
ChiMn,,  22  and  35;  Nencki  and  Sieber,  ibid.,  32;  Friedenthiil  aad  Miyamota,  CeutralbL 
I  Physiol,  la,  7HX 

»  Zeitschr.  f.  Binlogie,  28w 
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forming  a  gelatinous  mass,  and  does  not  dissolve  at  ordinal*}^  temperature 
withia  a  couple  of  days.  Upon  the  a<:ldition  of  a  little  pepsin,  however, 
this  swoU?n  ma.ss  dissolves  quifkly  at  ordinary  temp  era  turps.  Hard- 
boiled-egg  albumen,  cut  in  thin  pieces  with  sharp  edges,  is  not  percept ihly 
changed  by  dilute  acid  '2-4  i>.  m.  HCl)  at  the  temperature  of  the  body  in 
the  course  of  several  hour-;.  But  the  simultaneous  presence  of  pepsin 
causes  the  edges  to  become  clear  and  transparent,  blunt  and  swollen,  and 
the  proteid  gradually  dissolves. 

From  what  has  been  said  above  in  regard  to  pepsin,  it  follows  that 
proteids  may  be  eniployetl  as  a  means  of  detecting  pepsin  in  liquids.  Ox- 
fibrin  may  be  employee  I  as  well  as  coagulateil  egg  allium  en,  which  latt^er  is 
used  in  the  form  of  8]kv^  with  sharp  edges.  As  the  hbrin  is  easily  digested 
at  the  normal  temperature,  while  the  pepsin  test  with  egg-albumen  rttjuires 
the  temperature  of  the  brwiy,  anil  as  the  test  with  fibrin  is  somewhat  more 
delicate,  it  is  often  preferred  to  that  with  egg-albumen.  When  we  speak  of 
the  '*prpsin  test''  without  further  explanation,  we  ordinarily  understand 
it  m  the  test  with  fibrin. 

This  test,  nevertheless,  requires  care.  The  fibrin  used  should  be  ox-fibrin 
and  not  pig-fibrin,  which  last  is  dissolve<l  too  readily  with  dilute  acid  alone. 
The  unboiled  1  ox-librin  may  l>e  dissolved  by  acid  alone  without  pepsin,  but 
this  generally  re<:iuires  more  time.  In  testing  with  unboiletl  fibrin  at  nomial 
temperature,  it  is  mlvisahle  to  make  a  eonlrol  test  with  another  portii>n  of 
the  same  fibrin  with  acid  alone.  Since  at  the  temperature  of  the  Imdy 
imboile<l  fibrin  is  more  easily  dissolved  by  acid  alone,  it  is  best  always  to 
work  With  boiletl  fibrin. 


As  pepsin  has  not  thus  far  been  prepared  in  a  positively  pure  condition* 
it  is  impossible  to  determine  the  absolute  quantity  of  pepsin  in  a  liquid.  It 
is  only  possilde  to  compare  the  relative  amounts  of  pepsin  in  two  or  more 
liquids,  w^hich  may  be  done  in  several  w^ays. 

The  older  method,  that  of  BrI'cke,  consist '^  in  diluting  the  two  pepsin  solu- 
tions to  be  compared  with  certain  proportions  of  1  p.  m.  hydrochloric  acid,  so 
that  when  the  amount  of  p)epsin  contained  in  the  original  solution  is  eqxuil  to  1, 
each  solution  contains  a  degree  of  dihUion,  p,  corresiM*nding  to  1,  J,  },  J,  y\,  etc. 
A  flock  of  lihrin  or  a  piece  of  hard-[>oik'd  egg  is  added  to  eaeli  test  and  the  time 
noted  when  eaeh  test  begtn.s  to  digest  and  when  it  ends.  The  relative  amount 
of  pepsin  is  calculated  from  the  rapidity  of  digestion  as  follows:  the  tests  p^  \, 
i,jV  of  one  series  wa:  dige^sted  in  the  same  time  as  tests  //"I,  i,  1  of  the  other 
series;  hence  the  fii*st  solution  contained  four  times  as  much  j)ej>sin.  This  method 
is  not  used  as  often  as  the  following;: 

M  BIT 's  Methml  Draw  up  white  of  egg  in  a  glass  tube  1-2  millimetera  in  diam- 
eter^ coagulate  it  by  plunging  it  into  hot  water  at  95**  C.  and  rut  the  ends  off 
sharply;  then  add  two  tubes  to  earh  test-tube  with  a  few  cubic  centimeters  of  the 
acid-pepsin  solution;  allow  them  todjg:est  at  l>ody  temperature,  and  after  a  certain 
tirae»  lEenerally  after  ten  hours,  measure  the  lineal  extent  of  the  digested  layer 
of  albumen  in  the  various  tests,  bearing  in  mind  that  the  digested  layer  at  each 
end  mast  not  be  longer  than  6-7  millinneters*  The  quantity  of  pepsin  in  the 
comparative  tests  is  as  the  srpjare  of  the  millimeters  of  the  albumen-column  dis- 
solved in  the  same  time.    Thus  if  in  one  case  2  millimeters  of  albumen  were  dis* 
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solved  and  in  the  other  3  millimeter?,  then  the  quantity  of  pepein  is  as  4:9^ 
If  the  fluid  removed  from  the  stomAch,  which  b  rich  in  bodies  having  a  disturb- 
ing influence  upon  pepsin  digestion^  is  to  be  tested,  then  the  hquid  must  be  first 
properly  diluted  with  2-4  p.  m,  hydrochloric  acid  (Niehzn stein  and  Schiff*). 

Objections  have  been  raised  against  theae  methods  from  several  sides,  but 
they  can  be  reconmiended  for  praetif^al  purposes  as  being  simple  and  rather 
accurate.  Huppert  and  E,  Schutz  measure  the  relative  quantities  of  P^p^n 
from  the  amount  of  secondary  proteoses  formed  under  certain  conditions.  The 
proteoses  were  determined  by  the  polariscope.  J.  SchCtz  determines  the  total 
proteose-nitrogen  and  Sfrioos^  finds  that  the  change  in  the  viscosity  is  a 
meaaure  of  the  amount  of  pepein. 

The  rapidiiy  of  the  pepsin  digesiion  depends  on  several  circuniihtances. 
Thus  different  a  ids  are  unequal  in  their  action;  hydrochloric  acid  shows 
in  slight  concentration.  O.S-l.S  p.  m,,  a  more  powerful  action  than  any  other 
acid,  whether  inorganic  or  organic.  In  greater  concentration  other  acids  may 
have  a  powerful  action,  and  one  can  say  that,  as  a  rul:^,  the  acids  having 
the  greatest  avidity  have  a  greater  action  in  slight  concentration  than  weak 
acids.  Still  sulphuric  acid  forms  an  exception  (pFLEinERER).  The  state- 
ments in  reigard  to  the  action  of  various  acids  are  somewhat  contradictory,* 
Tlie  degree  of  acidity  h  also  of  the  greatest  importance.  With  hydrochloric 
acid  the  degree  of  acidity  is  not  the  same  for  different  proteid  bodies  For 
fibrin  it  is  0.8-1  p.  m.,  for  myosin,  casein,  and  v^etable  proteids  about 
1  p.  m.,  for  coagtilated  egg  albumen,  on  the  contrary,  about  2,5  p.  m.  The 
rapidity  of  the  digestion  increases »  at  least  to  a  certain  point,  with  the 
qmtntiti/  of  pepsin  present,  unless  the  pepsin  added  is  contaminateil  by  a 
brge  quantity  of  the  protlucts  of  digestion,  which  may  prevent  its  action. 

According  to  E,  Schutz,*  whose  statements  have  been  confirmed  by 
several  others,  the  digestion  products  produced  in  a  certain  time  are,  within 
certain  limits,  proportional  to  the  square  root  of  the  relative  amounts  of 
pepsin.  Tlie  accumulation  of  products  of  digestion  has  a  retarding  action 
on  digestion,  although,  according  to  Chittenden  and  Ameiuiax,^  the 
removal  of  the  digestion  products  by  means  of  dialysis  does  not  essentially 
change  the  relationship  between  the  protef)ses  and  true  peptones.  Pepsin  acts 
glower  at  low^  temperatures  than  it  does  at  higher  ones.  It  Ls  even  active 
in  the  neighborhood  of  0*^  C,  but  digestion  takes  place  very  slowly  at  this 
temperature.  With  increasing  temperature  the  rapidity  of  digestion  also 
increases  until  about  40^  C,  when  the  maximum  is  reiichetl.    According 


^Mett,  see  Pawlow,  L  c,  31 ;  Nierenstein  and  Schiff,  Berl.  klin.  Wochenschr.,  40, 
'Huppert  and  BchQtz,  Pfluger's  Arch,»  80;  J.  Schiitz,  Zeitachr.  f,  phyaiol.  Chem., 
30;  SprigK»*  i^id.,  $a. 

*  S4Je  WMblewski,  Zcitschr.  f.  physioL  Chem.,  21,  and  especially  Pfleiderer,  Pfluger'a 
ArcLj  6«J,  which  also  gives  referenoes  to  other  works,  aod  L^jio,  Biochem,  Centndbl.f 
1,  484. 

*  Zeitaehr,  f.  phyaioL  Chem.,  9 

*  Joum.  of  Physiol,  p  14. 
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to  the  investigations  of  Flauii  *  it  h  probable  that  the  relationship  between 
proteoses  and  peptones  remains  the  same,  irrespective  of  whether  the 
digestion  takes  place  at  a  low  or  high  temperature,  as  long  as  the  digestion 
is  continued  iov  a  long  enough  time.  If  the  swe!iin*j  up  of  the  proieid  m 
prevented,  as  by  the  additifin  of  neutral  salts,  such  as  NaCl  in  suflicient 
amounts,  or  by  the  adti  ion  of  bile  to  the  acid  liquid,  digej^tion  can  be 
prevented  to  a  greater  or  less  extent.  Foreign  bodks  of  differetit  kinds 
produce  different  a  tions,  in  which  natiimlly  the  varialjle  quantities  in 
which  they  are  adrleil,  an*  of  the  greatest  importance.  Salicylic  acid  and 
carbilic  acid,  and  <  spec  ally  sulphates  (Pflkidkhkr),  retard  digestion, 
while  arsenioas  acid  promotes  it  (Chittenden)^  and  hydnicyauic  acid  Ls 
relatively  indifferent.  Alcohol  in  large  quantities  (10  per  cent  and  above) 
diaturbi  the  lUgestitm,  while  small  quantities  act  indifferently.  Metallic 
salt*5  in  very  small  quantities  may  indeed  I  sometimes  accelerate  digestion, 
but  utherwL^e  they  tend  to  retanl  it.  The  act  it  m  of  metallic  salts  in  ilif- 
ferent  cases  can  be  explained  in  various  ways,  but  they  often  seem  to 
fomi  with  proteids  insoluble  or  difficultly  soluble  combinations.  The 
alkaloids  may  also  retard  the  pepsin  digestion  (CifrTTENDi-^N  and  Allen  *)* 
A  very^  large  number  of  observations  have  been  made  in  regard  to  the  action 
of  foreign  substances  on  artificial  pepsin  digestion,  but  as  these  observa- 
tions have  not  given  any  direct  result  in  regard  to  the  action  oi  these  same 
substances  on  natural  digestion,  as  well  as  upon  secretion  and  absnq>- 
tion,  we  will  not  dL^euss  them  here. 

The  Products  of  the  Digestion  of  Proteids  by  Xfeans  of  Pepsin  and  Acid, 
In  the  digestion  of  nucleopnitcids  or  nucleoalbumins  an  insoluble  residue 
of  nuclein  or  pseudonuclein  always  remains,  although  under  certain  circum- 
stances a  complete  solution  may  occur.  Fibrin  also  yields  an  insoluble 
residue,  which  consists,  at  least  in  great  part,  of  nuclein,  derivetl  fmni  the 
farm-elements  enclosed  in  the  blood-cdot.  This  residue  which  remains  after 
the  digestion  of  certain  pmteids  was  calletl  dyspeptone  by  ^Ieissni:r,  In 
the  digestion  of  proteids,  substances  similar  to  acitl  albuminates,  para- 
peptone  (Metssneb"),  antiaUmmute,  and  aMti/tlhumid  (Kuhne),  may  also  be 
formed.  On  separating  these  bodies  the  filteretl  liquid^  neiitralize^l  at 
boiling-point,  contains  proteoses  and  peptones  in  the  old  sense,  while  the 
BO-called  Kuhne  t  iie  peptone  anri  the  other  cleavage  pmducts  are  only 
obtained  after  a  longer  and  more  intense  digestion.  The  relationship 
between  the  various  proteoses  changes  ver>^  much  in  different  cases 
and  in   the  digestion  of    the  various    proteids.      Fur  instanrn,   a   larger 

»  Zeitschr,  f.  Biolo|?ie,  28. 

*  Studies  from  the  Lab.  Physiol.  Chem.  Yale  University,  1,  76,  See  also  Chiiteti- 
dfin  and  Stewart,  ibid.,  Z,  60. 

*  The  workfl  of  Meissoer  oa  pepsin  digestion  are  found  in  Zeitschn  f.  rat.  Med.^  7, 
S,  la,  12,  and  11 
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qimriiity  of  prirriaiy  pwUifme»  in  obtained  from  €brin  than  from  hard- 
UnM-iri^y,  ftlbufijwi  or  fnnn  the  proteidi^of  meat;  and  the  different  proteids, 
tu'.t'MrtWuif,  U>  ih'f  n^turchtsH  of  Kluo/  yield  on  pepsin  digestion  unequal 
t{iitiUiiiU9i  of  th<?  varioiw  di^^jstive  pnKluct«.  In  the  digestion  of  unboiled 
iWtriu  nil  \uU*niu^lisiUi  pnKluct  may  lye  obtained  in  the  earlier  stages  of 
iUt*.  tlitttmluiu — fi  globulin  which  coagulates  at  55°  C.  (Hasebroek*).  For 
iiifonfiiitJon  in  nf^^ird  U)  the  different  proteoses  and  peptones  which  are 
forriM'd  in  pi'imin  di^i^Htion  the  readier  is  referred  to  previous  pages  (41-44). 
A  ft  Ion  n]  I'rjmTt^lfi/drorJdaric  Acul  on  Other  Bodies,  The  gelatine- 
JormlrHj  tmJtMtnnn'  of  i\u»  (;onn(K;tivo  tissue,  of  the  cartilage,  and  of  the  bones, 
from  whi<!h  hint  i\u»  tu*u\  only  dissolvcw  the  inorganic  substances,  is  con- 
viTlj'il  inl4i  ffrhitint'  by  (li^^wting  with  gastric  juice.  The  gelatine  is  further 
rhiinKi'il  MO  (hut  it  1ow»h  it**  property  of  gelatinizing  and  is  converted  into 
gi«hilnH4*H  and  p<»pton(»  (wh»  ])a.<4e  02).  Tnie  mucin  (from  the  submaxil- 
hiry)  Im  cliKHolv<*<l  by  \\\r  gjiHtric^  jui(!(»,  yielding  substances  similar  to  pep- 
tnnt'  find  a  HMlucing  HubHtance  similar  to  that  obtained  by  boiling  w-ith 
It  niinrnil  ii<*i*l.  IHastin  is  dissolvod  more  slowly  and  yields  the  above- 
nirntinnt'd  HulmtancrH  (pugo  (M)).  Krratin  and  the  epidermal  formations 
am  innohtbh*.  Thr  niu'lrin  is  diasolvod  with  difficulty  and  the  cell  nuclei, 
thorrfon*.  riMUuin  tnidiHHolviMl  in  great  part  in  the  gastric  juice.  The  animal 
vi'll  mnnhroiiv  in,  as  a  r\\U\  more  tMUsily  dissolved  the  nearer  it  stands  to 
t'h»siii\,  and  it  dinntOvi^M  with  groator  dilliculty  the  more  closely  it  is  related 
to  ktM'atin.  Tho  mrmhmiit'  of  the  ;)/<oi/-('<7/  is  not  dissolved.  Oxyhccmo- 
ijloi^iti  is  ohani!;iMl  into  haMuatiit  and  pn^toiil,  the  latter  undergoing  further 
dii;osiion.  It  is  for  this  roas^Mi  that  bloinl  is  ohangi\l  into  a  dark-brown 
tnass  in  tho  stomaoli.  Tlio  gastric  juioo  does  not  act  on  fat,  but,  on  the 
contrary,  dissolvi\s  tl\o  coU-inonibrano  of  fatty  tissue,  sotting  the  fat 
fiw,  i«astric  juico  l\as  no  action  on  >tarch  or  the  simple  variotit^s  of  sugar. 
Tlio  statements  \\\  n^garil  to  tl\o  abiUty  oi  gastric  ji^ice  to  invert  cane- 
sugar  atv  very  contradictory.  At  least,  thi^  action  v^f  the  gastric  juice  is 
not  \\M\stani,  atul  if  it  is  prv^s^Mit  at  all  it  is  probably  due  to  the  action 
of  the  acul. 

lV|«iu  nlv^v.o,  AS  Mv^Yo  st.ittsl.  has  lu^  aotio!\  o!\  prx^ioids.  a:ui  an  acid  of  the 
intcnMtx  ol  the  ^astru*  .iuuv  oan  only  \ory  sK^wly,  i:'  .it  all.  dissi^lvo  i\>agulated 
aUnmK'n  at  the  toar.vr-aiurt*  of  the  Uxly,  lVivi:v.  av.vi  a^ 'vl  Tvvc^^thor  not  only  act 
uu^sv  v^uu'kb  .  but  vjua;:;av.\c!Y  :hoy  avt  oth,cr\\:s^^  '.I'.av.  ::;c  aoid  aio::o,  at  least 
usv\  \l5x>^*l\\\l  vivtcivi,      Hv.s  has  Uvl  !o  :hr  ass-.;:v.'.  :•  ••:  ;*<  tv^  the  :  resen^v  of  a 

a "  .1  A  :  \^' .  •<  ^y.'  y  h\  :v:  het  ii-al.  As 
!hc  «ss"v.c  •— vv.;.:>  &.<  thx*  hydn-klytio 
:V.c  :  :\^*:::  :V,^:  :h.<  ?:-.r>-:v.t^  aots  like 
lords'.::  c  .-i  ■  "^'^^'^  ^h:.:;  ^\vuI^i  prweed 

:    ,...:x.^,x    .^   .v^   c:is:r:.'    ;-;cv.     It 
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may  be  absent  under  gpecial  pathological  conditions  (ScHXTMnuRG, 
BoABi  Johnson,  Klemperer  *).  It  is  habitually  found  in  the  neu- 
tral, watery  infusion  of  the  fourth  stomarh  of  the  calf  and  sheep,  espe- 
cially in  an  infusion  of  the  fundus  part.  In  other  mammals  and  in  birds 
it  is  seldom  found,  and  in  fishes  hardly  ever  in  the  neutral  infusion.  In 
these  cases?,  as  in  man  and  the  hi^jher  animals,  a  ronnin-formin^  substance, 
a  rcnnin  zjniogen,  occurs  which  is  converted  into  rennin  by  the  action  of 
an  aeidt  Knzjniies  acting  like  rennin  are  also  found  in  the  blood  and 
several  organs  of  hlj^her  animals,  as  well  as  in  invf?rtebrates.  Similar 
enzymes  also  occur  widely  diffused  in  the  plant  kingdom,  and  numerous 
micro-organisms  have  the  power  of  producing  rennin  enzymes. 

Rennin  is  just  as  difficult  to  prepare  in  a  pure  state  as  the  other  enzymes. 
The  purest  rennin  enzyme  thus  far  obtained  did  not  give  the  ordinary 
proteid  reactions.  On  heating  its  solution  rennin  is  more  or  less  quickly 
destrr>y«xl,  depending  upfin  the  length  of  heating  and  upon  the  concentration. 
If  an  active  and  strong  infusiuu  of  the  gastric  mucosa  in  water  contain- 
ing 3  p.  m.  HCl  is  heated  to  37-40"^  C:  ff»r  48  hours»  the  rennin  is  deetroyal, 
while  the  pepsin  remains.  A  pepsin  solution  free  from  rennin  can  be 
<ib'aine<l  in  this  way.  Rennin  is  characterized  b}^  its  ph^^sio logical  action, 
which  consists  in  coagulating  milk  or  a  casein  solution  containing  lime, 
if  neutral  or  ven,'  faintly  alkaline.  The  law  of  the  action  of  this  enzyme  is 
tlifferent  from  the  action  of  pepsin.  As  specially  shown  by  Fulu;^  within 
certain  limits,  the  coagulation  time,  T,  is  equal  to  a  constant,  C,  divided  by 
the  quantity  of  rennin,  L. 

From  the  different  la  wis  of  pepBin  and  rennin  art  ion  it  follows  that  the  repeated 
appcaranre  refonily  of  the  view  of  Pawlow's  school^  that  pepsin  and  rennin  are 
the  same  Ijodies^  cannot  \w  ecirreet.  This  also  follows  from  the  fact  that  active 
ftolutiuns  of  j>ep«in  may  Ije  |)re| wired  which  have  no  rennin  action.  Ulaessnkr 
has  als<»  isohited  the  proenzymes  of  both  bodies  and  has  shown  their  different 
division  in  the  stomarh.  At'cnrding  to  Xencki  and  Sikber,  with  Avhom  Pkkel- 
HARfNti*  agrees,  the  enzyme  of  the  ga^^lric  juice  forms  a  gigantic  moleeule  which 
is  able  to  |>erform  the  different  actions  at  the  same  time  ah  hough  each  enzyme 
action  is  connected  with  a  certain  atomic  complex.  Such  a  view  might  appear 
fihijsible/but  as  the  proenzymes  of  both  enzymes,  piepsin  and  rennin,  as  well  aa 
the  enzymes  themselves,  can  be  separated  from  each  other,  and  as  the  hodypre- 
ci()itated  from  the  gastrie  juice  by  cold  and  which  forms  the  ferment  hiks  been 
"  ^wn  to  be  a  mixture,  this  view  does  not  seem  to  be  suihciently  well  grounded. 

Benntn  may  be  carried  down  by  other  precipitates  like  other  enzymes 
and  th\i8  may  be  obtained  relatively  pure.    It  may  also  be  obtained,  con- 


*  Schumbiirg,  Virchow*s  Arch,,  97,  A  good  re\'iew  of  the  literature  may  be  found 
in  Szydlownki,  Beitrnp:e  itur  Kenntriias  ties  Lnbetui^nn  nach  Beotiachtungen  an  S-iu^- 
h«*;en,  JahflK  f.  Kinderheilknnde.  N.  F.^  34.  See  also  Lorcher,  Pfluger's  Arch,  «0, 
^vhich  also  contains  the  pertinent  iiteniture.  An  exct»llent  review  of  the  liteniture  on 
rennin  niui  lU  action  may  be  found  in  E,  Fuld,  Ergebnisso  der  Physiol.,  1,  Abt.  I,  468. 

*  Hofmeister's  Heitriige,  2. 

•Glaeasner,  ibid.^  I;  Zeitwhr.  L  physiol.  Chcm.,  32. 
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taminated  with  a  great  deal  of  proteids,  by  extracting  the  mucous  coa 
the  stomach  with  glycerine. 

A  com  par  a  lively  pure  solution  of  reimin  may  be  obtaineil  hi  the  foU 
ing  way.     An  infusion  of  the  mucous  coat  of  the  stomach  in  hydrochh 
acid  i-^  prepared  and  then  neutrahzed,  aft^^r  which  it  is  repeatedly  sh 
with  new  c|uantities  of  uiagne^ioni  carbonate  until  the  pepsin  is  prech 
tatcd.     The  filtrate,  which  should  act  strongly  on  milk,  is  preciiiitatc^ii  f 
bawic  lead  acetate>  the  precipitate  decomposed  with  xcry  dilute  sulphu 
acid,  the  acid  liquid  filtered  and  treated  with  a  solution  of  stearin  soi 
The  rennin  is  carried  down  by  the  fatty  acids  set  free,  anil  Avhen  these  I 
are  placed  in  water  and  reoioved  l>y  shaking  with  ether,  the  rennin  ream 
in  the  water}^  solntioo. 

Parachjonosiii  is  the  name  given  by  Baxg  *  to  another  rennin  eDzjine 
which  occurs  hi  pepsin  preparations,  but  not  in  the  calf's  stomach.  The 
enzyme,  on  the  eontraiy,  lorms  the  true  rennin  enzyme  of  the  human  and 
pig*8  stomach,  Parachymoshi  is  very  much  more  resistant  towanls  acids 
than  calf  rennin,  hut  it  is  more  readily  destroyed  by  alkalies.  Calcium 
chloride  accelerates  the  casein  coagulation  with  parach3TTiosin  xery  much 
more  than  with  chymosin. 

Plastein.     A^s  mentioned  on  page  44  Danilewsky  first   showed  the 
power  of  rennin  solution  of  causing  a  partial  coagulation  of  prot-e«3ses  ami  of 
converting  them  into  so-called  phistein.    This  action,  which  is  also  ascribed 
to  other  enzyme  solutions  {see  page  44)  ha.s  probaldy  nothing  to  do  Mith 
the  rennin  enzyme,  but  depends  more  likely  upon  anotlier  enzyme.    Tbo 
nature  of  these  enz>Tne.s,  as  well  as  the  manner  and  importance  of  th^ 
plastein  formation,  is  still  unknown. 

Gastric  Lipase  (stomach  steapstn).  F.  Volhahd  ^  has  made  the  di?' 
covery  that  the  gastric  juice  had  a  strcmg  fat-splitting  action  only  when  tb^ 
fat  was  in  a  fine  emulsion,  as  in  the  yolk  of  the  egg,  miik,  or  cream.  Thi^ 
action  depends  upon  an  enzyme  extractable  from  the  mucosa  by  ghcerinef 
and  whose  action  it  seems  follows  Schltz'is  law  for  pepsin^  and  the  quantity 
is  as  to  the  scpiare  of  the  enzyratitic  products.  This  enzyme,  which  seeing 
to  be  produced  from  a  zymogen,  is  verj'  sensiti^-e  towards  alkalies. 

The  question  whether  the  parietal  cells  principally  or  the  chief  eelb, 
or  both,  take  part  in  the  formation  of  free  acid  m  somewhat  dispnted.* 
There  can  be  no  doubt  that  the  h3^drochlorie  acid  of  the  gastric  juice  origi- 
nates from  the  chlorides  of  the  blood,  because,  as  is  well  known,  a  secretion 
of  perfectly  typical  gastric  juice  takes  place  in  the  stomaclis  of  fasting  or 

'  Deutsch.  med.  Wochenschr. ,  180O,  and  Pfiiiger's  Arch,,  70. 

'  Miinch.  med,  Wochenschr. ,  IDOO,  and  Zeitschr.  f.  klin.  iled,,  42,  43.  Spe  oIao 
Stade,  Hofmeister's  Beitrilge,  X 

^  See  Hcidenhainj  Pfiiiger's  Arch.,  IS  and  19,  and  Hermann's  Handhuch,  5,  part  I, 
*'Absonderungsvorgiinge'';  KJemensiewicz,  Wien.  Sitzungsbcr.,  71;  Friinkel,  Pfluger*s 
Arch,^  48  and  50;  Contejean,  L  c,  Chapter  11;  Kranenburg,  Archives  Teyler»  Series  II, 
Haadem,  1901,  and  Mosse,  CentralbL  f,  Physiol.»  17,  217. 
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btar\'iiig  animals.    As  the  chlorides  of  the  blood  are  derived  from  the 
tood,  it  Is  easily  understood,  as  shoi^Ti  by  Cahn/  that  in  dogs  after  a  suffi- 
ciently long  common-salt  star\*ation  the  stomach  secreted  a  gastric  juice 
OMitaining  pepsin,  but  no  free  hydrochloric  acid.     On  the  administration 
d  soluble  chlorides,  a  gastric  juice  containing  hydrocbloric  acid  was  imme- 
diaiely  secreted.     On  the  intrc^duction  of  alkali  iodides  or  bromides,  Kulz, 
NE^CK1  and  Schoumow-Simanowskj  ^  have  showTi  that  the  hydrochloric 
acid  of  the  gastric  juice  Is  replaced  by  HBr,  and  to  a  less  extent  by  HI. 
Thi*  secretion  of  free  hydrochloric  acid  from  the  blood  has  been  cxpliiined 
various  ways,  but  as  yet  there  is  no  satisfactory'  theory. 
After  a  full  meal,  when  the  store  of  pepsin  in  the  stonmch  is  completely 
usted,   ScHiFF  claims   that  certain   boches,   especially  dextrin,   have 
property  of  causing  a  supply  of  pepsin  in  the  mucous  membrane.    This 
shaiTge  theory,"  though  experimenlaily  proved  by  several  investigators, 
nevertheless  not  yet  been  confirmed.     On  the  contrar}%   the  state- 
it  (if  Schiff  that  a  substance  forming  pepsin,  a  ''pepsinogen''  or  **pro* 
frjmn/'  occurs  in  the  ventricle  has  been  proved.     Langley  '  has  shomi 
positively  the  existence  of  such  a  substance  in  the  raucous  coat.     This 
subetzince,  propepsin,  sho\\^  a  comparatively  strong  resistance  to  dihite 
alblies  (a  soda  solution  of  5  p.  m.),  which  easily  destroy  pepsin  (Langley). 
in,  on  the  other  hand,  withstands  better  than  propepsin  the  action  of 
lx)n  dioxide^  which  quickly  destroys  the  latter.     The  occurrence  of  a 
niu  zymogen,  and  possibly  also    a    stcapsinogen,  in  the  mucous  coat 
been  mentioned  above. 


'     aiii 


According  to  Herkek  and  his  collaborators  *  we  must  difTcrcntiate  between 
per^sino^ns  and  bodies  m-wleratiiig  the  flow  of  juii'c.  To  tlie  First  belongs  inulin 
*^ti  glycogen,  while  alcohol  iKdongs  to  the  lattiT  class  of  bodies.  Dextrin  not 
Jfliv  accelerates  the  How  of  juircbiu  also  acts  as  a  iiepsinogen^  ei?i)ecial!y  as  the 
Mkr.  Meat  extract  which  hai*  both  actions  is  esi^jeciaOr  a  How  accelerator. 
^  fiepsinogen  action  consists  in  converting  the  zymogen  into  |>epsin  and  in 
Ihii  way  increases  the  quantity  of  ppsin;  the  tlow-accele rating  substances  in- 
Otsase  the  quantity  of  secretion  of  juice. 


The  question  in  \\hich  cells  tho  two  zymogens,  especially  the  propepsin, 
are  produced  has  been  extensively  discussed  for  several  years.  Formerly  it 
was  the  general  opinion  that  the  parietal  cells  were  pepsin  cells^  but  since 

the  investigations  of  IIeii>enhain'  and  his  pupils,  Langley  and  others,  the 

formation  of  pepsin  has  been  shifted  to  the  chief  cells.* 


*  Zeitschr,  f.  physiol  Chem.,  10, 

'  Kulz  J  Zt'itscbr.  t  Biologie,  23;  Nencki  and  Schoumow,  Arch,  dea  sciences  biol. 
de  St.  P^terabourg,  3. 

*Schiff,  "Lemons  sur  la  phyaiol,  de  la  digestion,"  1867,  2;  Langley  and  Edkins, 
Joum.  of  Physiol, »  7. 

^PflQger's  Arch.,84, 

f  B-ee  foot-note  3,  pa^e  306* 
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The  Pyloric  Secretion.  That  part  of  the  pyloric  end  of  the  dog*a 
stomach  which  contains  no  fundus  glaiicls  was  dLsset*ted  by  Klemlxsie- 
wicz,  one  end  being  sewed  together  in  the  shape  of  a  blind  sac  and  the 
other  sewed  into  the  stomach.  From  the  fistula  thus  created  he  wa-  abfe 
to  obtain  the  pyloric  secretion  of  n  li%*iiig  aniinal.  This  secretion  id  alJ* 
line,  viscous,  jelly-like,  rich  in  mucin,  of  a  specific  gravity  of  LOOO-l.OlO, 
and  containing  16,5-20.5  p.  ra.  solids.  It  habitually  contains  pepsin,  whipi 
has  been  proven  by  Heidexhain  by  observ^ations  on  a  permanent  pyloric 
fistula,  and  the  amount  may  sonietimes  be  considerable.  Contejeax  his 
investigated  the  pyloric  secretion  in  other  ways,  and  finds  that  it  contaim 
both  acid  and  pepsin.  The  alkaline  reaction  of  the  secretions  investi- 
gated by  Heidenhain  and  IvLEMEXsiEwacz  Is  due^  according  to  Ojnte 
JEAN,  to  an  abnormal  secret iun  caused  by  the  operation^  because  the  stom- 
ach readily  yielrls  an  alkaline  juice  instead  of  an  acid  one  under  abnormd 
conditions.  The  statements  of  HEinEXirAix  and  Klemensiewk-z  bve 
been  substantiated  bv'  Akermanx,  while  Kresteff,  who  operated  acconling 
to  another  method,  has  come  to  the  same  results.  Kresteff  '  found  ia 
the  juice  {of  dogs)  pepsin,  but  no  chymosin.  Verhaegen  ^  has  oljsene^i  la 
human  beings  towards  the  end  of  the  ventricle  digestion  a  fluid  not  aL-td, 
wliich,  according  to  him,  originates  in  the  pyloric  region. 

The  secretion  of  ga^jtric  juice  under  different  condiiioas  may  var}'  ron- 
siderably.  The  statements  of  the  quantity  of  gastric  juice  secreted  in  a 
certain  time  are  therefore  so  unreliable  that  they  need  not  be  taken  Into 
accoimt. 

The  Chyme  and  the  Digestion  in  the  Stomacli^  By  means  of  the  rhom- 
ical  stimulation  causetl  by  the  food,  a  eopinus  secrt^tion  of  gastric  juice  occurs. 
The  food  is  thereby  freely  mixed  with  liquid  and  is  gradually  converted 
into  a  pnlpy  mass  called  chyme.  This  mjiss  is  acid  in  reaction,  and, 
with  the  exception  of  the  interior  of  large  pieces  of  meat  or  of  other  solid 
foods,  the  chyme  gradually  becomes  acid  throughout.  The  transfonnA- 
tion  products  of  the  digestion  of  proteidjs  and  carbohydrates  can  be  d<^ 
tectetl  in  the  chyme;  likewise  more  or  less  changed  undtgestjetl  residues  d 
swallowed  food  appear,  which  indccil  loon  the  cliief  oias.s  of  the  chyme. 

Since  the  hydrochloric  acid  of  the  gastric  juice  prevents  the  contents  of 
the  stomach  from  fennenting  with  the  generation  of  ga-s^  those  ga^^^  which 
occur  in  the  stomach  probably  depend,  at  least  in  great  measure,  upon  ihe 
swallowed  air  and  saliva,  and  upon  those  gases  generated  in  the  intestine 
and  returned  through  the  pyloric  valve.  Planer  foimd  in  the  stomath 
gases  of  a  dog  66-6S  per  cent  N,  2.5-33  per  cent  OO^,  and  only  a  inmall 
quantity,  0.8-6.1  per  cent  of  oxygen,     SrHiEERECK'  has  ^hown   thai  a 

^HeideDhain  mid  Klemcnsiewicz,  L  c, ;    Contejt'an,  1.  c,  Chiipter  II,  and  SkamL 
Arcb.  f,  PhysioL,  (i;  Akermann,  ibuL,  tl;  KrealelT,  Muly'a  Jabresber.,  SO. 
'  See  the  work  of  Verhaesen,  La  Cellule,  1890,  1897. 
■Planer,  Wien,  Sitxungshcjr.,  i2;  Schierbcck,  Bkand*  Arch.  f.  Physiol,  3  and 
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part  of  th^  carbon  dioxide  is  fomiod  by  the  mucous  membrane  of  the 
i^toHiach.  The  tension  of  the  carbon  dioxide  in  the  stomach  corresponds, 
according  to  him,  to  3<)-40  mm,  Hg  in  the  fasting  contlilioo.  It  increases 
f  fter  partaking  food^  independently  of  the  kind  of  food*  and  may  rise  to 
130-140  mm.  Hg  during  dige  tion.  The  curve  of  the  carbon-dioxide 
tensi(»n  in  the  stomach  Is  the  : ;  me  as  the  curve  of  acidity  in  the  diifercnt 
ph:is?s  of  digestion,  and  Schierbeck  has  also  found  that  the  carlion-^lioxide 
tension  is  considerably  ncreased  by  pilocarpine,  but  dimmished  by  nico- 
tine. According  to  him,  th^  carbon  dioxide  of  the  stomach  is  a  product 
of  the  activity  of  the  secretor>^  cells. 

According  as  the  food  is  fine'y  or  coarsely  dividcfJ  it  passes  sooner  or 
later  through  the  pylonjs  into  tbe  intestine.  From  Busrn^s  ol>ser\^ations 
on  a  human  intestinal  fistula,  it  required  generally  15-30  minutes  after 
eating  for  undigested  food  tc»  pass  into  the  upper  part  of  the  small  intes- 
tine. In  a  case  of  duoflcnal  fistula  in  a  hum^in  being  observed  by  KfHXE, 
he  f»aw,  ten  minutes  after  eating,  nncurilled  but  stUl  cuagulable  milk  and 
Fmall  pieces  of  meat  pass  out  of  the  fii^ttda.  The  time  in  which  the  stomach 
unburdens  itself  of  its  contents  depends,  however,  upon  the  reflex  action 
from  the  st4jmach  or  inte^ine  op  ning  or  closing  the  pylorus,  which  actif>n 
is  dependent  upon  the  quantity  and  character  of  the  food,  the  amount  of 
at,  and  the  degree  of  acidity  containcLl  in  the  contents  of  the  stomach 
and  intestine.  The  emplyijig  of  the  focid  into  the  small  intestine  causes, 
as  shown  by  Pawlow,  a  closing  of  tlie  pylorus  by  chemoreflex  in  which  the 
hydrochloric  acid  and  the  fat  t^e  part,  and  we  then  find  in  this  regani 
an  alternate  action  between  the  stomnch  and  dnnrlenum,*  The  time  neces- 
.nary  for  the  stomach  to  empty  itself  must  dififer  considerably  under  vari- 
XXB  conditions.  Beaxtmont'  found  in  his  extensive  obser\^ations  on  the 
lanadiun  hunter.  St.  Mahtin,  that  the  stomach,  as  a  nile,  is  emptied 
J-5i  hours  after  a  m?ab  depending  up  n  the  character  of  the  food. 

The  time  in  which  different  foods  leave  tlie  stomach  depends  also  upon 
lieir  digestibility.  In  regard  to  the  unequal  digestibihty  in  the  stomach 
of  fo  »ds  rich  in  proteids,  which  really  form  the  object  of  the  action  of  the 
;astric  juice,  a  distinction  must  be  m  de  between  the  rapitlity  Vkath  which 
he  proteids  are  conv.  fted  into  protecKses  and  peptones  and  the  lapidity 
dth  which  the  food  is  converted  into  chyme,  or  at  leafst  so  prcj^ired  that 
it  may  easily  pasi  into  the  intestine.  This  distinction  is  espei*ially  im- 
portant from  a  practical  stamlpoint,  TMien  a  proper  foctd  is  to  be  <Jecide<l 
pon  in  cases  of  dimini  hetl  gastric  digestion,  it  is  important  to  select 
ch  foods  as,  independent  of  the  difficulty  or  ease  with  which  their  pro- 

*  Biifich,  Virchow's  Arch.,  14:  Tuihne,  Lehrb.  d,  physiol.  Them.,  53;  (Pawlow  and) 
iSenijukow,  Miily*s  Jahresher,  2U;    Lintwarew,  Biochem.  Cfintralbi.,  1,  UU.    See  also 
ichtct,  L  e. 

Beaumont,  "The  physiology  of  digestion,"  1833, 
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teid  is  peptonizeiL  leave  the  stomach  easily  and  quickly,  and  which  reqi 
as  little  action  as  possible  on  the  part  of  this  organ.  From  this  point 
view  thr>se  foods,  as  a  rule,  are  most  digestible  which  are  fluid  from  the 
start  or  may  be  easily  liquefied  in  the  stomach;  but  these  foods  are  not 
always  the  most  digestible  in  the  sens:^  that  their  proteid  is  most  easdljr 
peptonized.  As  an  example,  hard-boiled  white  of  egg  is  more  easily  pep- 
tonized than  fluid  white  of  egg  at  a  degree  of  acidity  of  1-2  p.  m.  HO;' 
nevertheless  we  consider,  and  justly,  t!iat  an  unboiled  or  soft-boOed  eg 
'm  easier  to  digest  than  a  hard-boiled  one.  Likewise  uncooked  meat, 
when  it  is  not  chopped  very  fine,  is  not  more  fjuickly  but  more  slowly 
peptonized  by  the  gastric  juice  than  the  cooked,  but  if  it  Is  divided  suffi- 
ciently fine  it  is  often  more  quickly  peptonized  than  th  ^  cooked. 

The  greater  or  less  facility  ^\'ith  which  the  different  proteid  foods 
are  digested  in  the  stomach  has  been  comparatively  little  studiwL  The 
most  complete  investigations  on  this  subject  are  those  of  Fermi  *^  but  as 
they  do  not  allow  of  a  short  discussion  we  must  refer  to  the  original  publi* 
cation. 

As  our  knowledge  of  the  digestibility  of  the  different  foods  in  the 
stomach  L^  slight  and  dubious,  so  also  our  knowledge  of  the  action  of  other 
bodies,  such  as  alcoholic  drinks,  bitter  principles,  spices,  etc,  on  the  nat- 
ural  digestion  is  very  uncertain  and   imperfect.     The  diflitullies  wM^b 
stand  ill  the  way  of  this  kind  of  inA^estigalion  are  ver\'  great,  antl  therefore 
the  rc«ult.s  obtainetl  thus  far  are  often  ambiguous  or  conflict  wi  h  each 
other.     For  example,  certain  investigatois  have  observed  that  small  quan- 
tities of  alcohol  or  alcoholic  drinks  do  not  prevent  but  rather  facilitate 
digestion;    o there  observe  only  a  disturbing  actir*n     while  other  iiivesU- 
gators  believe  to  have  found  that  the  alcohol  fiist  acts  somcwh  t  a-^  S 
disturl>ing  agent,  but    afterwards,  when  it  is  absorbed,  it  produces  an 
abundinit  secretion  of  gastric  juice,  and  thereby  facilitates  digest  on  (Glu- 
ziNSKi,  Chittenben  *).     The  accelerating  action  of  alcohol  upon  the  flow 
of  gastric  juice  has  already  been  nientione<l  on  page  303 

The  digestion  of  sundry  foods  Is  not  dependent  on  one  organ  alone,  but 
divided  among  several  For  this  reason  it  is  to  be  expected  that  the  various 
digestive  organs  can  act  for  one  another  to  a  certain  point,  and  that  there- 
fore the  work  of  the  stomach  could  Ijc  taken  up  more  or  less  by  the  intes- 
tine. This  in  fact  hi  the  case.  Thus  the  stomaclis  of  dogs  and  cats  have 
been  completely  extirj>ated  or  nearly  so  (Czerny,  Carvallo,  and  Pan  hon)* 
and  also  that  part  necessary  in  the  digestive  pmcess  has  been  eliminated 
by  plugging  the  pyloric  opening  (Ludwig  and  Ogata),  and  in  both  cases  it 


^  Wawriiisky,  Maly*s  Jahresbt'r.,  3. 
»  Arch.  L  (Anat.  u.)  Physiol,,  PJOl,  Suppld. 

*  Gluzinski,  Deutsch.  Arch.  T  khri.  Med,  30;  Chittenden.  C^utralbl  f.  d.  med.  W»- 
■ensch.,  1880;  &nd  Chittenden  and  Mendel,  and  others,  Anier,  Journ.  of  Physiol,  L 
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tssible  to  keep  the  animal  alive,  well  fed,  and  strong  for  a  shorter  or 
Jiger  time.    This  is  ako  true  for  human  beings.*     In  these  cashes  it  is 
dent  that  the  digestive  work  of  thp  stomach  was  taken  up  by  the  intes- 
but  all  food  cannot  be  digested  in  thtise  cases  to  the  same  extent, 
1  the  connective  tissue  of  meat  especially  is  sometimes  found  t<j  a  con- 
able  extent  undigested  in  the  excrements. 

L  order  to  judge  of  the  role  of  the  stomach  in  digestion  the  amount  of 
f  digestion  pmducts  in  the  stomach  has  been  determined.     These  det'er- 
ations,  partly  on  man  and  partly  on  animals,  have  led,  as  is  t^:>  be  expected, 
v^ing  results  (Cahn,  Ellenberger  and  Hofmeister,  Chittenden 
nd  Amerman).     The  recent  investigations  of  E.  Zunz  *  show  that  boiled 
t  111  the  stomai*h  of  a  dog  yiekls  chiefly  proteoses  with  small  amounts 
!er  cleavage  products,  anti  only  ven^  little  acid  albumin  Ls  formed, 
he  extent  of  digestion  in  the  stomach  depends  essentially  upon  the  time 
^during  which  the  food  remains  in  the  organ. 

It  is,  however,  quite  generally  assumed  that  no  peptonization  of  the 
proteids  worth  mentioning  occurs  in  the  stomach,  and  that  the  protein 
foods  are  only  prepared  in  the  stomach  for  the  real  digestive  processes  in 
the  mtestine.  That  the  stomach  senses  in  the  first  jilace  as  a  storeroom 
follows  from  its  shape,  and  this  function  is  of  special  value  in  certain  new- 
bom  animals^  for  instance  in  dogs  and  cats.  In  these  animals  the  secretion 
^f  the  stomach  contains  only  hyrlrtichlorie  acid  but  no  pepsin,  antl  the 
C2isein  of  the  milk  is  converted  by  the  acid  alone  into  solid  lumps  or  a  solid 

»<^guhim  which  fills  the  stomach.  Small  portions  of  this  coagulum  pass 
hto  the  intestine  only  little  by  little,  and  an  overburdening  of  the  intestine 
^  thus  prevented.  In  other  animals,  such  as  the  snake  and  certain  fishes 
■which  sw*allow  their  fr»od  entire,  it  is  certain  that  the  major  part,  of  the 
fcitjcess  of  digestion  takes  place  in  the  stomach.  The  importance  of  the 
■fcraach  in  digestion  cannot  at  once  be  deckled.  It  varies  for  di^erent 
Tliimals,  and  it  may  van"  in  the  same  animal,  depending  upon  the  division 
ofthefoo€l,  the  rapidity  with  which  the  peptonization  tiikcs place,  the  more 
or  less  rapid  increase  in  the  amount  of  hydrochloric  acid,  and  so  on. 

It  is  a  well-known  fact  that  the  contents  of  the  stnmarh  may  be  kept 
mthout  decomposing  fur  some  t  me  by  means  of  hydrochloric  acid,  while, 
on  the  contrary,  when  the  acid  is  neutralized  a  fermentation  commences  by 
wrhich  lactic  acid  and  other  organic  acids  are  formed.  According  to  Cohn 
in  amount  of  hydrochloric  acid  more  than  0.7  p.  m.  completely  arrests 

'  Cxenn%  cited  from  Bunge,  Lehrhucli  <J,  phyfliol  u.  Puth,  Cbem.,  4,  Aufl.  Theil  2, 
73;  Carvallo  and  Panchon,  Arck  d.  Physiol.  (5)^  7;  O^ata,  Du  Bois-Ueymond^s 
^ch,t  18811;  Groh^\  Arch.  f.  exp.  Path.  u.  Phann,»  49.     Id  regard  to  a  human  ciise  of 

Flatter  see  Wr6blew8ki,  Centralhl  f.  Physiol,  11,  605. 
•  Cahn,  Z«it8chr.  f.  kli'^.  Med.,  12;  Eilcaberger  and  Hofmeist«r,  Du  Boia-Reymond 's 
brh,,  IS90;  Chittenden  and  Amcmtan,  Journ.  of  Physiol,  14;  E.  ZunZf  Hofmeiater'a 
»trdge,  S.     See  also  Reach,  ibid.,  4. 
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lactic-acid  fermentation,  e\'en  under  otherwise  favorable  ciicunistanccs.  and 
according  to  Strauss  and  Bialocoub  the  limit  of  lactic-acid  fermentation 
lies  at  1.2  p.  m.  hydrochloric  acid  imited  to  oiganic  bodies.  The  hydn>- 
chloric  acid  of  the  gastric  juice  has  unquestionably  an  antifermentative 
action,  and  also,  like  dilute  mineral  acids.,  an  antis^tic  action.  This  action 
j^  of  importance,  as  many  pathogenic  n  icro-o  ganisms  may  be  destroyed 
by  the  gastric  juice.  The  common  bacillus  of  cholera,  certain  streptccccci, 
etc.,  are  killed  by  the  gastric  juice,  while  others,  especially  as  spores,  are 
unacted  upon.  The  fact  that  gastric  juice  can  diminish  or  retard  the 
actir>n  of  certain  toxalbumins,  such  as  tetanotoxin  and  diphtheria  toxin,  is 
Bhf)  of  great  interest  (Xexcki,  Sieber,  and  Schoumow  ')• 

Because  of  this  antifermentative  and  antitoxic  action  of  gastric  juice  it 
is  coasidcred  that  the  chief  impf>rtance  of  the  gastric  juice  lies  in  its  anti- 
sfjptic  action.  The  fact  that  intestinal  putrefaction  is  not  increased  on  the 
extirpatir>n  of  the  stomach,  as  derived  from  experiments  made  on  man 
anrl  animals,^  does  not  uphold  this  view. 

In  c\(f!ic  connection  with  the  acid  reaction  of  the  contents  of  the  stomach 
stands  the  question  as  to  the  extent  of  carbohydrate  digestion  in  this 
organ.  The  salivary  diastase  is  destroyed  by  ver}'  small  quantities  of 
acid,  but  before  a  sufficient  amount  of  hydrochloric  acid  has  collected  to 
dfistrr>y  the  action  a  powerful  action  of  saliva  may  go  on  in  the  human 
st^^mach  and  therefore  sugar  and  dextrin  can  be  readily  detected  :n  the 
contents  of  this  organ.  In  carriivora  whose  saliva  has  ver}'  little  dias- 
tatic  action  we  can  ignore  a  priori  any  digestion  of  starch  in  the  stomach 
with  the  exceptirin  of  some  action  of  the  micro-organisms  occurring 
therein.  FRiEDf:NTHAL '  claims  that  dogs  can  readily  tligest  starch,  and 
according  to  him,  the  gastric  juice  of  the  dog  contains  a  diastatic  enzyme 
which  is  even  active  in  a  strong  acid  reaction. 

After  death,  if  the  stomach  still  contains  food,  auto-digestion  goes  on 
nr)t  only  in  the  stomach,  but  also  i'^  the  neighboring  organs,  during  the 
slow  cooling  oi  the  body.  This  leads  to  the  question,  AMiy  does  the  stomach 
not  digest  its(»lf  during  life?  Ever  since  Pavy  has  shown  that  after  tying 
the  smaller  blood-vessels  of  the  stomach  of  dogs  the  corresponding  part  of 
the  mucous  membrane  was  digested,  efforts  have  been  made  to  find  the 
cause  in  the  neutralization  of  the  acid  of  the  gastric  juice  by  the  alkali  of 
the  blood.  That  the  reason  for  the  non-digestion  during  life  is  to  be  sought 
for  in  the  normal  circulation  of  the  blood  cannot  be  contradicted;  but  the 

*  CV>hn,  Zeitschr.  f.  physiol.  Chem.,  14;  Strauss  and  Bialocour,  Zeitschr.  f.  klin. 
Med.,  28.  See  also  Kiihne,  Lehrb.,  57;  BunRc,  Lehrb.  d.  Physiol,  4,  Aufl.  148  and 
151);  Ilirechfeld,  Pfliiger's  Arch.,  47;  Nencki,  Sieber,  and  Schoumow,  C«ntralbl.  f. 
Bacteriol.,  etc.,  23.  In  regard  to  the  action  of  gastric  juice  upon  pathogenic  microbes 
wo  mu.st  refer  the  reader  to  the  handbooks  of  bacteriology. 

'Sf»o  Car\'allo  and  Panchon,  1.  c,  and  Schlatter  in  Wr6blew8ki,  1.  c. 

■  Arch.  f.  (Anat.  u.)  Physiol.,  1899,  SuppL 
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teason  is  not  to  be  found  in  the  neutralization  of  the  acid.  The  investi- 
gations of  Fermi,  Mathes,  and  Otte  *  show  that  the  blood  circulation  acts 
in  an  indirect  manner  by  the  normal  nourishment  of  the  cell  protoplasm, 
and  this  is  the  reason  why  the  digestive  fluids,  the  gastric  juice  as  well  as 
the  pancreatic  juice,  act  differently  upon  the  living  protoplasm  as  com- 
pared to  the  dead.  We  know  nothing  about  this  resistance  of  the  living 
protoplasm,  but  perhaps  it  stands  in  close  connection  with  the  secretion 
of  antipepsin  (see  page  299)  discovered  by  Danilewsky  and  Weinlaxd. 

Under  pathological  conditions  irregularities  in  the  secretion  as  well  as  in 
the  absorption  and  in  -the  mechanical  work  of  the  stomach  may  occur.  Pcj^sin 
is  almost  always  present,  although  the  amount  may  vary  considerably,  but  the 
absence  of  the  rennin,  as  above  stated,  may  occur  in  many  cases.  In  regard 
to  the  acid  we  must  remark  that  the  secretion  is  sometimes  increased  so  that 
an  abnormally  acid  gastric  juice  is  secreted  and  at  other  times  it  may  be  dimin- 
ished 80  that  little  if  any  hydrochloric  acid  is  formed.  A  hypersecretion  of 
acid  gastric  juice  sometimes  occurs.  In  the  secretion  of  too  little  hydrochloric 
acid  the  same  conditions  appear  as  after  the  neutralization  of  the  acid  contents 
of  the  stomach  outside  of  the  organism.  Fermentation  processes  now  apjx^ar  in 
which,  besides  lactic  acid,  there  ap|)ear  also  volatile  fatty  acids,  such  as  butyric  and 
*cetie  acids,  etc.,  and  gases  like  hydrogen.  These  fermentation  products  are  there- 
fore often  found  in  the  stomach  in  cases  of  chronic  catarrh  of  the  stomach,  which 
fl»ay  give  rise  to  belching,  pyrosis,  and  other  symptoms. 

Among  the  foreign  substances  found  in  the  contents  of  the  stomach  we  have 
tHEA,  or  ammonium  carbonate  derived  therefrom  in  uramia;  blood,  which 
^nerally  forms  a  dark-brown  mass  through  the  presence  of  ha»matin,  due  to 
the  action  of  the  gastric  juice;  bile,  which,  especially  during  vomiting;,  easily 
finds  its  way  through  the  pylorus  into  the  stomach,  but  whose  presence  seems 
to  be  without  importance. 

If  it  is  desired  to  test  the  gastric  juice  or  the  contents  of  the  stomach 
for  pepsin,  fibrin  may  be  employed.  If  this  is  thoroughly  washed  immedi- 
ately after  beating  the  blood,  well  pressed,  and  placed  in  glycerine,  it  may  be 
kept  in  ser\'iceable  condition  for  an  indefinitely  long  time.  The  gastric  juice 
or  the  contents  of  the  stomach — the  latter,  if  necessary',  having  been  pre- 
viously diluted  with  1  p.  m.  hydrocholoric  acitl — Ls  filterod  and  tested  with 
fibrin  at  ordinary-  temperature.  (It  must  not  be  forgotten  that  a  control 
test  must  be  made  with  acid  alone  and  another  portion  (;f  the  same  fibrin.) 
If  the  fibrin  is  not  noticeably  digested  witliin  one  or  two  hours,  no  pepsin  is 
present,  O"  at  most  there  are  onh'  slight  traces. 

In  testing  for  rennin  the  liquid  must  be  first  carefully  neutmlizcd.  To 
10  c.  c.  of  unboiled,  amphoteric  (not  acid)  cow's  milk  add  1-2  c.  c.  of  the 
Bltered  neutralizetl  Uquid.  In  the  presence  of  rennin  the  milk  should 
joagulate  to  a  solid  mass  at  the  temperature  of  the  body  in  the  course  of 
10-12  minutes  without  changing  its  reaction.  If  the  milk  Ls  diluted  too 
much  by  the  addition  of  the  liquid  of  the  stomach,  only  coarse  flakes  are 
3btained  and  no  solid  coagulum.  Addition  of  lime-salts  is  to  be  avoided, 
is  in  great  excess  they  may  produce  a  partial  coagulation  even  in  the 
ibsence  of  typical  rennin. 

^  Pavy,  Phil.  Transactions,  153,  Part  I,  and  Guy's  Hospital  Reiwrts,  13;  (^tte 
Pravaux  du  laboratoire  de  Tlnstitut  de  Physiol,  de  Lidge,  5,  1896,  which  also  contains 
he  literature. 
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In  many  cases  it  is  especially  important  to  determine  the  degree  of 
acidi  y  of  ike  gastric  juice.  This  may  be  done  by  the  onlinar^^  titration 
methods.  Phenol phthalein  mi!st  not  De  used  as  an  indicator,  as  too  high 
results  are  produced  jo  the  prctsence  of  large  quantities  of  proteids.  Good 
results  miiy  be  obtained,  on  tiie  eontrarv\  by  Hiding  ven-  delif-ate  litmus 
paper.  As  the  acid  reactitin  of  the  contents  i>f  the  stomach  mux  be  caused 
einadtanc^msly  by  several  acids,  still  the  degree  of  acidity  is  here,  as  in 
otlier  ca'^es,  expressed  in  only  one  acitl,  e.g.,  H(1.  (Generally  the  acidity 
is  designated  by  the  number  uf  c.  c.  nf  X/ 10  caustic  soda  which  Is  required 
to  neutralize  the  several  acids  in  IDO  c.  c.  of  the  li^iuid  of  the  stdii^atli. 
An  acidity  of  43  per  cent  means  that  KK)  e.  c.  of  the  liquid  c»f  the 
fit^miach  rofpiirwl  43  t.  c.  (»f  N/IO  caustic  soda  to  n  utralize  it. 

The  acid  reaction  may  be  partly  tlue  to  free  acid,  partly  to  acid  salts 
{monophosphates),  and  partly  to  both.  According  to  Lko  ^  one  can  test 
fur  acid  phosphates  by  calcium  carbonate,  which  is  not  neutraHzeti  there- 
^^th,  while  the  free  acRls  are.  If  the  gastric  content  has  a  neutral  reaction 
after  shakinc:  with  ealciimi  carliHimte  ami  the  earbnn  dioxide  is  driven  out 
by  a  current  of  air,  then  it  contains  only  free  acid;  if  it  has  an  acid  reaction, 
then  acid  phfjs]>hates  are  ])resent,  and  if  it  is  less  acid  than  before,  it  con- 
tains lioth  free  acid  and  acid  ]3hosphate.  This  method  can  also  be  applied 
in  t!ie  estiniation  of  free  acid. 

It  is  alsu  unportnnt  t^j  lie  able  to  ascertain  the  nature  of  the  acid  or 
acids  occurring  in  the  contents  of  the  stomach.  For  this  pnipose,  and 
especially  ft>r  the  ddtrlion  of  fne  hifdrochloric  acid,  a  great  number  of  color 
reactions  have  been  proposed  which  are  all  bused  upon  the  fact  that  the 
coloring  substance  gives  a  chara(*teristic  color  with  vev}^  small  quantities 
of  hydrochloric  acid,  while  lactic  acid  and  the  other  organic  acids  do  not 
gi\T  these  coloratirms,  or  only  in  a  certain  coneentration,  which  can  hardly 
exist  in  the  contents  of  the  stomach.  These  reagents  are  a  nuxture  of 
FERRIC  ACETATE  and  POTASSIUM  suLPHocvAxiDE  solutlon  (iloHR 's  reagent 
has  l>een  modified  by  several  investigators),  methvl.\ mux-violet,  tro- 
p/EOLiN  00,  Congo  red,  malachitk-greex,  PHLonoGLurix-vANiujx,  di- 
METHVLAMTNOAZOBENZENE,  and  utliers.  As  reagents  for  free  lactic  ac^ 
Uffelmann  suggeets  a  strongly  diluted,  ainethyst-blue  solution  of  ferric^ 
CHUiniBE  and  cakholic  acid  or  a  strongly  dihited^  nearly  colorless  solu- 
tion of  FEtmic  CHLORIDE.  These  give  a  yellow  color  with  lactic  acid,  but 
not  with  hydroehliiric  acid  or  with  volatile  fatty  acids. 

The  value  of  there  reagents  in  testing  for  free  hydrochloric  aciil  or  lactic 
acid  is  still  disputed.  Among  the  reagents  for  free  hydriK'hlorie  arid 
Guxzuuhg's  test  with  pltloroglucin-vanillin,  and  the  test  with  tropaM^lin  (M), 
j»erformeil  in  moderate  heat  as  suggested  by  Boas,  and  the  test  with 
dimethylaminoazobenzene,  which  is  the  nK>st  tielicate*  seem  to  be  the  most 
vahial>lc.  If  these  tests  give  positive  results^  then  tlie  prci^mce  of  hydro- 
chloric  acid  may  be  considered  as  proved,  A  negative  result  does  not 
eliminate  the  presence  t>f  h}Tlrochloric  acid,  as  the  delicacy  oi  these  reac- 
tions has  a  limit,  and  also  the  siniultant*ons  prt^sence  of  proteiil.  peptones^ 
iiiul  other  bodies  influences  the  reactions  more  or  less.  The  reactions  for 
lactic  acid  may  also  give  negative  results  in  the  presence  of  comparatively 
large  quantities  of  hydrochloric  acid  in  the  liquid  to  be  tested,    Sugar» 
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gulphocyanides,  and  other  bodies  may  act  with  these  reagents  similarly  to 
laetic  acid. 

In  testing  for  lactic  acid  it  is  safest  to  shake  the  material  with  ether  and 
test  the  residue  after  the  evaporation  of  the  solvent.  On  the  evaporation  of 
the  ether  the  residue  may  be  tested  in  several  ways.  Boas  *  utilizes  the 
property  possessed  by  lactic  acid  of  being  oxidized  into  aldehyde  and 
lonmc  acid  on  careful  oxidation  with  sulphuric  acid  and  manganese  dioxide. 
The  aldehyde  is  detected  by  its  forming  iodoform  with  an  alkaline  iodine  solu- 
tion or  by  its  forming  aldehyde  mercury  with  Nessler's  reagent.  The  cjuan- 
titative  estimation  consists  in  the  formation  of  iodoform  with  N/10  iodine 
solution  and  caustic  potash,  adding  an  excess  of  hydrochloric  acid  and  titrat- 
ing with  a  N/10  sodium  arsenite  solution,  and  retitrating  ^dth  iodine  solution, 
after  the  addition  of  starch-paste,  until  a  blue  coloration  is  obtained.  This 
method  presupposes  the  use  of  ether  entirely  free  from  alcohol.  (See  the 
original.) 

In  order  to  be  able  to  correctly  judge  of  the  value  of  the  different 
reagents  for  free  hydrochloric  acid,  it  is  naturally  of  greatest  importance  to 
be  clear  in  regard  to  what  we  mean  by  free  hydrochloric  acid.    It  is  a  well- 
known  fact  that  hydrochloric  acid  combines  with  protoids,  and  a  consider- 
able part  of  the  hydrochloric  acid  may  therefore  exist  in  the  contents  of 
^be  stomach,  after  a  meal  rich  in  proteids,  in  combination  with  proteids. 
"^bis  hydrochloric  acid  combined  with  proteids  cannot  be  c()nsidere<l  as  free, 
^nj  it  is  for  this  reason  that  certain  investi'  ators  consider  such  methods  as 
^bat  of  Sjoqvist,  which  will  be  described  below,  as  of  little  value.    How- 
^^'er,  it  must  be  remarked  that,  ac^cording  to  the  unanimous  exi)ericnce  of 
Hiany  investi'^ators,  the  hydrochloric  acid  combined  with  proteids  is  physio- 
^^?ically  active.    Those  reactions  (color  reactions)  which  only  respond  to 
^^tually  free  hydrochloric  acid  do  not  show  the  physiologically  active 
'hydrochloric   acid.    The  suggestion  of  determining  the  ** physiologically 
^tive"  hydrochloric  acid  instead  of  the  **free"  seems  to  be  correct  in  i)rin- 
^iplej  and  as  the  conceptions  of  free  and  of  physiologically  active  hydro- 
^Hloric  acid  are  not  the  same  it  must  always  be  well  defined  whether  one 
wishes  to  determine  the  actually  free  or  the  physiologically  active  hydro- 
chloric acid  before  it  is  possible  of  the  value  of  a  certain  reaction. 

Various  titration  methods  have  been  suggested  for  the  estimation  of 
Ihe  free  hydrochloric  acid,  but  these  cannot  yield  conclusive  results  for 
the  reasons  given  in  a  previous  chapter  (see  estimation  of  the  alkalinity 
of  the  blood-serum,  page  160).  For  this  determination  i)hysic()-chcniical 
methods  are  necessarj",  but  they  have  not  l)een  used  to  any  great  extent 
for  clinical  purposes  on  account  of  the  difTiculty  in  their  manipulation. 
As  it  is  not  within  the  scope  of  this  book  to  give  the  various  methods  for 
the  quantitative  estimation  of  hydrochloric  acid  for  clinical  i)\irposo5  we 
must  refer  to  the  various  handbooks  for  clinical  methods,  ^^uch  as  those 
of  V.  Jaksch,  Eulenberg,  Kolle  and  Weixtraud,  and  the  work  of  0. 
Reissxp:r.*  for  details  as  to  the  qualitative  and  quantitative  tests  for 
hydrochloric  acid  and  Jactic  acid. 

*  Deutsch.  med.  Wochenschr.,  1803,  and  Munchcncr  med.  Wochenschr.,  1893. 
»  Zcitschr.  f.  klin.  Med..  48. 
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The  methotls  suggested  by  Leo,  IL\yem  and  Winther,  Mahtins  and 
LiTTTKE,  and  by  Reissner^  as  well  as  the  following  method  of  Morxhr 
and  Sj5q\'1st/  are  used  for  the  quantitati%'e  estimation  of  the  total  hydro- 
chloric acid. 

The  method  of  K.  Morjter  and  SJOQv^sT  de[>ends  on  the?  following  principle: 
When  the  gastric  juice  is  evaix>rated  to  drynes.s  with  barium  carbonate  and  then 
calcined  the  organic  at-ids  bnrri  up  and  give  insoluble  barium  carbonate,  wliile 
the  hydro**hioric  acid  forn^s  soluble  barium  chloride.  From  the  quantity  of 
this  the  original  amount  of  hydrochlaric  acid  can  be  cah^ulated.  10  c.  c.  of  the 
filtered  contents  of  the  stouun'li  is  tiiixed  in  a  siniill  platinum  or  silver  dish  with  a 
knife-pcviiU  of  barium  carlionate  free  from  chlorides  and  evaporated  to  dryness. 
The  rc*.sidue  is  burnt  and  allowed  to  glow  for  a  few  miTuites.  The  cooled  carbon  ' 
is  gently  rublxnl  with  water  and  completely  extracted  with  boiling  water  and 
the  filtrate  (about  50  e,  c.)  precipitatea  liy  anmionium  chromate  after  the  addi- 
tion of  ammonium  acc*tale  and  acetic  acii!  and  Ijoiling.  The  cnrcfutly  collected 
precipitate  b  washed  and  dissolved  in  wtiter  by  the  aid  of  a  little  Htl,  KI,  and  hy- 
drochloric acid  added  and  titrated  with  h\-posulphite  solution.  The  reat'tions  take 
place  t\s  follows:  4HC1 4-  2B::(T)jj  - 2Liat %+  211/)+  200.;  2narh-i-  2(N H^),(W< « 
21iaCr04'f4NH^Cl;  2BaCrO,+  iOHCl-f  OKI  -2Ban2+Cr/\+8H.O-f  tlKCl+3L; 
and  3l5+ONa5*s!jO^"=(>XaI-f  SXa-^^Op,  Ejich  cubic  centimeter  of  the  hy|:)06ul- 
phite  corresponds  to  3  m^m.  HCl.  Com]ilete  fhrections  for  the  necessary  solu- 
tions and  for  the  performance  of  the  method  may  be  found  in  Sjoqvist, 
Zeitschr.  f.  klin.  Med.,  32. 

In  te.stinfi  for  volatile  faUy  adds  the  contents  of  the  stomach  should  not 
be  directly  distilled,  as  volatile  fatty  acids  may  be  formed  by  the  decom- 
position of  other  bodies,  svich  as  proteid  and  haemoglobin.  The  rieutral- 
iise.l  contents  of  the  etoniach  are  therefore  jirecipitated  with  alcohol  at 
ordinary  temperature,  filtered  quickly,  jiressed.  and  repeat eilly  extracted 
with  alcohol.  The  alcoholic  extracts  are  made  faintly  alkaline  by  smja 
and  tlie  alcohol  distillerb  The  residue  is  now  aeidifieil  by  sidphuric  or 
phosphoric  acid  and  distilled.  The  distillate  is  neiiiralizeti  by  stala  and 
evaporated  to  diyness  on  the  w^ater-l>ath.  The  residue  is  extracted  with 
absolute  alcohol^  fihored^  the  alcohol  distilled  ofT,  and  this  residue  diss*dved 
in  a  little  water.  This  solution  maybe  dirci-tty  tested  for  acetic  acid  with 
i^ylphuric  acid  and  alcohol  or  with  ferric  chloriile.  Fonnie  acid  may  be 
tested  for  by  silver  nitrate,  which  c|iiickly  gives  a  black  precipitate;  and 
butyric  acid  is  detei^ted  by  the  odor  after  the  addition  of  an  acid.  In 
regard  to  the  methods  for  more  fully  investi.irating  the  different  volatUe 
fatty  acids,  the  reader  is  referred  to  other  text-books. 


Ill,  The  GtiiiHls  of  the   Mu«*oii>*  3Ienil>ranc  of  the    Intestine  and 

their  St.*eretiuiis. 

The  Secretion  of  Bninner*s  Glands.  These  inlands  are  partly  considered 
as  small  pancreatic  iLdantls  and  partly  as  mucous  or  salivary*  glands.  Their 
importance  in  vanoits  animals  is  tlifferent.  According  to  CIrutzxer  they 
are  clcKsely  related  in  dosrs  to  the  pyloric  <.^lands  and  contain  pepsin.  Thia 
also  coincides  wdth  the  observations  of  Glaehskkr  and  of  Ponomarew,' 

*  In  rej^urd  to  the  methoda  bore  mentioned  see  Ileissner,  L  c. 

'  Grutzner,  Ptliiger^si  Arch.,  12;  Glaesaner,  Hofmeister's  Breitilgei  1;  Ponomarew, 
biocbem.  Cetitralbi..  U  35L 
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which  differ  from  each  other  only  in  that  Ponomakew  finds  that  the  secre- 
tion IS  inactive  in  alkaline  reaction  and  only  contains  pepsin,  while  Cl.^jissxer 
claims  it  is  active  in  both  acid  and  alkaline  reaction  and  that  it  contains 
propepsin.  The  statements  as  to  the  occurrence  ot  a  diastatic  enzyme 
are  disputed. 

The  Secretion  of  Lieberkuhn^s  Glands.  The  secretion  of  these  glands 
has  been  studied  by  the  aid  of  a  fistula  in  the  intestine  according  to  the 
method  of  Thiry  and  Vella.  Very'  little  if  any  secretion  takes  place  in 
fasting  animals  (dogs)  when  the  mucous  membrane  is  not  irritated.  In 
lambs  Pregl  found  the  secretion  continuous.  The  ingestion  of  food 
candies  a  secretion^  and  in  lambs  increas?.s  the  secretion  aheady  taking 
place.  Mechanical,  (hcmical,  and  electrical  stimulants  act  in  the  same 
manner  in  dogs  (Thiry),  The  secretion  is  ako  markeilly  increased  in 
man  by  the  local  irritation  of  the  mucous  membrane  (Hambitrger  and 
IIekaia*).  In  th?  cases  observed  by  these  experimenters  the  flow  cf 
fluid  was  greatest  at  night  as  well  as  between  five  and  eight  o'clock  in 
the  afternoon,  and  was  lowest  between  two  and  five  o'clock  in  the  after- 
no{»n.  Pilocarpine  dcjes  nut  increa.se  the  secretion  in  lamlDs^  and  in  dogs 
it  does  not  seem  to  be  always  active  (Gamgee  ').  The  quantity  of  this 
secretion  in  the  course  of  twenty-four  hours  has  not  been  exactly  deter- 
mined. 

In  the  upper  part  of  the  small  intestine  of  the  dog  this  secretion  is 
scanty,  slimy,  ami  gelatinous;  in  the  lower  part  it  is  more  fluidj  with  gelat^ 
inous  lumps  or  flakes  (Rohrl\nn).  Intestinal  juice  has  a  strong  alkaline 
reaction  towards  litmus^  generates  carbon  dioxide  on  the  addition  of  an 
acid,  and  contains  (in  dogs)  nearly  a  constant  quantity  of  XaCl  and 
NajCT),,  4.S-5  and  4-5  p,  m.  respectively  (GxiiiiLEWSKi,  Rohmann  *). 
The  ints?stinal  juice  of  the  lamb  corresponded  to  an  alkalinity  of  4.54  p.  m. 
NajCOj.  It  contains  pmteid  (Tuiry  fnund  S.01  p.  m.),  th^  quantity 
decreasing  with  the  duration  of  the  elimination.  The  quantity  of  solids 
varies.  In  dogs  the  quantity  of  solids  is  12.2-24.1  p.  m.  and  in  lambs 
29.S5  p.  m.  The  specilic  gravity  of  the  intestinal  juice  of  the  dog,  accord- 
ing to  the  obser\'ations  of  Thiry,  is  l.OlU-1,0107,  and  in  lambs  1.01427 
(Pregl).  The  intestinal  juice  from  lambs  contains  18.097  p,  m.  proteid, 
L274  p.  m.  prciteoses  and  mucin,  2,29  p.  m,  urea,  and  3.13  p,  m,  remain- 
ing organic  bodies. 

We  have  the  investigations  of  Demakt,  Turby  and  Manning,  H.  Ham- 


'  Thiry »  Wlen.  Sitzungsber.,  50;  Veila,  Moleschott'a  Untersuck,  13;  Pr^l,  Pfluger'a 
Arch,  61;  Gamgee,  Physiol  Chem,,  2,  410,  where  Vella  and  ifasloff  are  quoted; 
Krijger,  Zeitschr.  f.  Biologits  37 ;  Hamburger  and  Hekma,  Journ.  de  Physiol.,  4. 

'  ( lamge^  1.  c. 

■Gumilewslu,  Pfluger'a  Arch,  JM>;  Rohmann,  ibid.,  41 
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BtTRGER  and  Hekma  and  Nagano  *  on  the  human  intestinal  Juice.  Human 
intestinal  jiiire  has  a  low  specific  gravity,  nearly  L007,  about  10-14  p,  m, 
Bolids,  and  is  strongly  alkaline  towards  litmus.  The  content  of  alkali  calcu- 
lated as  sodium  carbonate  is  2.2  p.  m.,  according  to  Nagano,  Hamburger 
and  Hekma,  and  5.8-6,7  p.  m.  NaCl.  The  determination  of  the  freezing- 
point  resulted  -0.62°  (Hamrurger  and  Hekma). 

In  regard  to  the  enzyme  content  opiniona  are  unanimous  that  the  juice  of 
animals  as  well  as  of  man  has  no  fat-splitting  or  proteid  solvent  action,  while 
it  has  a  very  faint  am}iol\'tic  action.  The  juice,  and  to  a  high  degree  also  the 
mucous  coat»  contain  invertase  and  maltase,  which  fact  has  been  recently 
substantiated  by  the  observations  of  Paschutin,  Bro\^ts'  and  Heron^ 
Eastianelli  and  Tebb,'  A  lactose-inverting  enzjTne,  a  lactase,  also 
occurs,  as  shown  by  IioHM.\NX  and  Lappe,  Pautz  and  Yogel,  Weixl,vkd, 
and  Orban,'  in  new-bora  infants  aiul  yotmg  animals  and  also  in  gmwu 
mammals  who  were  fed  upon  a  niilk  diet.  The  lactase  is  found  to  a 
greater  extent  in  the  mucosa  than  in  the  juice. 

The  intestinal  juice,  as  above  state<l,  contains  no  proteid-digesUng 
en^^me  in  the  oniinan^  sense,  at  least  in  any  appreciable  amounts.  On 
the  cfmtrar}'  it  contains  another  enzj^nie  which  has  a  proteolytic  action 
called  crfpsin. 

Erepsin.  This  enzyme,  discoverel  by  O.  Cohxheim,  has  no  direct 
action  upon  native  proteids  with  the  exception  of  casein,  but  has  the  power 
of  splitting  proteoses  and  peptones.  In  this  change  mono  as  well  as  diamino 
acids  are  produced,  but  this  action  differs  from  autolysis  by  only  yielding 
little  ammonia.  Erepsin,  which  must  not  be  confoutuiecl  with  tr>^psin  or  with 
enterokinase,  which  will  he  spoken  of  later,  occurs  in  the  intestinal  juice 
of  man  (Hamuurger  and  Hekma)  as  well  as  in  the  dog  (Saju\skin),  The 
quantity  of  erepsin  secreted  seems,  according  to  Sal.vskin%  Kutscher  and 
Seemaxx/  tt>  be  only  very  small,  wliile  the  mucous  coat  itself  is  richer 
therein,  and  this  enzyme  prti^bably  therefore  has  principally  an  intracellular 
action.     Erepsin  l>ecomes  inacti\'e  on  heating  to  Jyif  C. 

Besides  erei>sin  and  the  other  enzymes  mentioned  the  intestinal  mucosa 
also  contains  antienzymes,  anlipepsin  and  antUnjpsin  (D.iNiLEWSKY  and 


'Demant,  Virchow'a  Arch.,  7h;  Turby  and  Mannitig,  Centr^bL  i,  ±  med.  Wb- 
seoBchft,  1S92,  915;  Hamburger  and  Hekma,  1.  c;  Nagano^  Mitt  aus  d.  Grenzgckb. 
d.  Med.  u.  Chir.,9. 

*  Pa^chutin,  CentralbL  T  d.  m©d.  Wissensch.,  1870,  561;  Brown  and  Heron,  AnntiL 
d.  Chem,  n.  Phami.,  2(11 ;  Bastianelli,  Molesehott^s  Untereuch-  ziir  Naturlehre,  14. 
This  contains  all  the  oltler  literature.  See  also  Miura,  Zeitfiehr,  f,  Biologie,  $2;  Wid- 
dioombe,  Joum.  of  Physiol.,  2fi;  Tebb,  ibid,,  15. 

'Rfihmann  and  Lappe,  Bor,  d.  deut^ch.  chem.  GeselUck»  28;  Pautz  and  Vogd, 
Zeit^chr.  t  Biologie,  32;  Weinland,  ihui,  XS;  Orban.  Maly's  Jahrcsber,  20. 

•Colinheim,  ZeitsM?hr.  f.  physiol.  Chem  ,  Zn,  »5  30;  Salaskin,  ibid.,  S6;  Kutachef 
and  Seemann,  ibid,,  35;  Hamburger  and  Hekma.  I.  c. 
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Weini-and/  also  cneroJiinas  or  a  mothei^substancc  of  the  same^  and 
finally  also  the  scHcalled  pro-ecrtitn.  These  two  la^t^mentitmetl  bodies^ 
which  are  closely  coimecte<:l  with  the  secretion  of  pancreatic  juice,  wiU 
be  discussed  in  connection  with  thi    digestive  fluid. 

The  secretion  of  the  glands  in  the  large  intestine  sccnis  to  conFtL^t  chiefly 
of  mucus.  Fistulas  have  alsr*  been  iutroducetl  into  th€^e  parts  of  the 
intestine,  whicli  are  chiefly  if  not  entirely  to  be  considered  as  absorption 
oi^gans.  Til?  investigations  on  the  action  of  this  secretion  on  nutritive 
bodies  liave  not  as  yet  yieldetl  any  positi\'e  results. 


IV,    Tlio  Pjiiicrt'as  and   Pancreatic  Juice. 

In  invertebrates,  which  have  no  pepsin  digestion  and  which  also  have 
no  formation  of  bile,  the  pancreas,  or  at  least  an  analogous  organ,  seems  to 
be  the  essential  diga-itive  gland.  On  the  contra n%  an  anat^imically  charac- 
teristic pancreas  is  absent  in  certain  vertebrates  and  in  certain  fishes. 
Those  functions  which  should  be  regulated  b}^  this  organ  seem  to  be  per- 
formed in  these  anhnals  by  the  liver,  which  may  l>e  rightly  called  the  hkpa- 
TOPANCREAS.  In  man  and  in  most  vertebrates  the  formation  of  bile  and  of 
certain  secretions  contiiining  enzymes  important  for  digestion  Is  divided 
between  the  two  organs,  the  liver  and  the  pancreas. 

Tlie  pancreatic  gland  is  similar  in  certain  respects  to  the  parotid  gland. 
The  secreting  eiement^  of  the  former  consist  of  nocleated  cells  whose  basis 
forms  a  mass  rich  in  protei<is,  which  expands  in  water  and  in  which  two 
distinct  zones  exist.  The  outer  zone  is  more  homogeneous,  the  iimer  cloudy, 
due  to  a  quantity  of  granules.  The  nucleus  lies  about  midway  between  the 
two  zones,  but  this  position  may  change  with  the  varying  relative  size  of 
the  two  zones.  According  to  Heidexhaix  *  the  inner  part  of  the  celis 
diminishes  in  size  during  the  first  stages  of  digestion,  in  which  the  secretion 
is  active,  while  at  the  same  time  the  outer  zone  enlarges  uwing  to  the  al> 
sorption  of  new  material.  In  the  later  stage,  when  the  secretion  has 
decreased  and  the  absori^tion  of  the  nutritive  bodies  has  taken  jjlacc,  the 
inner  zone  enlarges  at  the  expense  of  the  outer,  the  substance  of  the  latter 
having  been  converter!  into  that  of  the  former.  Under  physiokigical  con- 
ditions the  glandular  cells  are  undergoing  a  constant  change,  at  one  time 
consuming  from  the  inner  part  and  at  another  time  growing  from  th ;  outer 
part.  The  inner  granu*ar  zone  is  converted  into  the  secretion,  and  the 
outer,  more  homogeneous  zone,  which  contains  the  repairing  material,  is 
then  converted  into  the  granular  substance.  The  sc>-calle<l  islunrls  of 
Laxgerhans  are  related  to  the  intenaal  secretion  or  contain  a  substance 
taking  part  in  the  transhirmatiou  of  the  sugar  of  the  animal  body. 


•  See  foot-note  (3,  page  299. 


'  Pfluger's  Arch..  10. 
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The  chief  portion  of  protein  substances  contained  in  the  gland  consists, 
it  seenis,  of  nitdeoproteids,  while  the  glohuUns  and  albumins  occur  only  to  a 
slight  extent  as  compared  to  the  nu  letiproteicLs.  Among  the  compound 
proteids  is  the  substance  studied  and  isolated  by  Umbee  but  previously  dis- 
coverefl  by  Hammarsten  *  and  call  d  «-protcid.  This  nucleoproteid  con- 
tainj5,  fxs  an  average,  1.67  per  cent  P  1.29  per  cent  8^  17 J2  per  cent  N, 
and  0.13  per  cent  Fe,  It  yields  on  boiling  ^'9-prot^id,  so  called  by  Hammah- 
STEK,  and  which  is  much  lich.r  in  phosphoms  than  the  micleoproteid. 
The  native  proteid  (or)  is  the  mother-suhstance  of  guanylic  acid;  accord- 
iu^  to  Umber  it  dissolves  by  p.:*psin  digestion  with  ut  leaving  any  residue 
and  \^elds  on  trypsin  digci^tion  guanylic  acid  on  one  side  and  ]>n>teoses 
and  peptone-^  on  the  other.  It  can  !>e  extracted!  from  the  gland  l>y  a  physio- 
logical salt  sohition  and  Is  preeipUated  by  acetic  acid.  Besides  this  com- 
pfiuod  pnttcid  the  pancreas  mast  contain  at  least  one  other,  whicli  is  the 
mother-svd>stance  t>f  the  thj'monucleic  aci<l  obtainable  from  the  pancreas* 

Besides  these  protein  substances  the  gland  contains  also  several  enzj^nes, 
or  more  correctly  zjfmogensi,  which  will  l^e  tllscussed  later.  Among  the 
extractive  bodies,  whic!i  are  iirobahly  in  part  furmcil  by  post-mortem 
changes  and  chemical  action^  we  must  mention  leucin  (butalanin),  hjrosinf 
purin  hosts  in  variable  quant ilies,^  tnositr,  laclk  aeid,  volaiih'  jnihj  acids ^  and 
jais.  The  mineral  bodies  vary'  considerably  in  quantity  not  only  in  anunals 
and  man  but  also  in  men  and  women  (Gossmann).  The  calcium  seems, 
according  to  Gos.smans,  to  exist  in  much  greater  amount  than  the  mag- 
ne^hmi.  According  to  the  investigations  of  Oidtmann  the  i»ancreas  of 
an  old  woman  contains  745.3  p.  m.  water,  245.7  p.  m.  organic,  and  9.5  p.  m. 
inorganic  substances.  Gossmann  *  found  in  a  man  17.92  p.  m.  ash  and 
13JI5  p.  m.  in  a  woman. 

Besides  the  already-mentionet!  (Chapter  Mil)  relationship  to  the  trans- 
formation of  sugar  in  the  animal  l)ody,  the  pancreas  has  the  property  of 
secreting  a  juice  especially  important  in  digestion. 

Pancreatic  Juice.  This  secretion  may  be  obtained  by  adjusting  a  fistula 
in  the  excretory  duct,  according  to  the  methods  suggested  by  Bernard, 
Luuwn;,  and  Heidenhain,  and  perfecte<l  by  Pawlow**  If  the  operation 
is  performetl  with  sufficient  rapidity  and  under  favorable  conditions  a 
powerfully  active  secretion  may  be  obtained  either  immediately  after  the 
operation  {temporanj  fistula)  or  after  some  time  {permanent  fistula), 

'  ITmber,  ZeitscUr.  f.  klin.  Mcnl.t  40  and  43;  Hammarstea,  Zeitechr.  L  physioU 
Cbein.,  19 

'  See  Kossel,  iZiwf.,  8. 

'  Gossmann^  Maly'a  Jahreaber.,  3ft;  Oidtmann,  cited  from  Gorup-Bcsanei,  Lefar- 
buch»4  Ed..  732. 

*  Beniard,  Lc^ns  de  PhysioL^  2, 190;  Ludwig,  see  Bemstem,  Arbeiten  a  d  physioL 
Anstalt  zu  Leipzig,  1869;  Ueidenhain,  Pfluger's  Arch,,  10,  (*Oi;  Pawlow,  Die  Art»ci^ 
der  Vefdauungsdriiseii,  Wiesbaden,  189S,  and  Ergebiiisse  der  Physiologie,  1,  Abt,  L 
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1.1  ha.'bivora,  such  as  rabbits^  whose  dgestion  is  uninterrupted,  the 
secretion  of  the  pancreatic  juice  is  continuous.  In  camivora  it  seems,  on 
lh3  contrary,  to  be  intermittent  and  dependent  on  the  digestion.  During 
stan^ation  the  secretion  almost  stops,  but  commences  again  after  partaking 
of  food  and  reaches  its  maximiun,  according  to  Bernstein,  Heidenhain,  and 
others,  within  the  first  three  hours.  According  to  Pawlow  and  his  school 
(Walther  *)  this  maximum  is  dependent  upon  the  character  of  the  food. 
With  milk  diet  it  appears  within  three  to  four  hours,  after  bread  diet  at 
the  end  of  ths  second  hour,  and  with  a  meat  diet  it  arrives  still  sooner. 
The  quality  of  the  juice  is  also,  according  to  Pawlow 's  school,  dependent 
upon  the  food,  and  the  amount  of  the  three  enzymes,  diastase,  trypsin,  and 
steapsin,  changes  with  the  variety  of  food.  The  observations  which  form 
the  basis  of  this  view  have  been  somewhat  differently  explained  in  light 
oi  recent  investigations. 

It  has  been  shown  that  we  must  not  only  carefully  consider  the  amount 
of  enzymes  in  the  juice  but  also  the  zymogens.     Pawlow  and  his  pupils, 
especially  Schipowalnikoff,  have  shown  that  a  body  occurs  in  the  intes-  . 
tiaal  juice  which  activates  a  juice  otherwise  without  action  upon  proteid, 
Converting  the  trypsinogen  into  trypsin.     This  body  Pawlow  calls  entero- 
^i^ase,  and  is  itself  without  any  solvent  action  upon  proteid.    It  is  not 
^I'wavs  contained  in  the  intestinal  juice,  but  is  only  secreted  when  the 
Puncreatic  juice  gets  into  the  intestine.    These  observations  were  later 
^«>niirmed  by  others,  especially  by  Delezenne,  Camus   and   Gley,   and 
^Virther  studied.     Enterokinase  has  also  been  found  in  all  of  the  higher  ani- 
^^^Is  examined,  and  a  kinase  with  a  similar  action  has  been  detected  by  Dele- 
^i:xxE  in  the  lymph-glands,  in  impure  fibrin,  in  bacteria  and  fungi,  and  also 
^n  snake-poison.    The  enterokinase  is  made  inactive  by  heat  and  is  there- 
fore considered  as  an  enzyme.     Hamburger  and  Hekma,  w^ho  detected 
enterokinase  in  human  intestinal  juice,  do  not  consider  it  an  enzyme  because 
a  certain  (quantity  of  intestinal  juice  will  only  activate  a  certain  quantity 
of  tr\'p<in. 

The  above  statements  concerning  the  action  of  a  varying  diet  upon  the 
enzyme  content  of  the  juice  have  been  somewhat  changed  by  the  investiga- 
tions of  Pawlow 's  school  (Lintwarew  and  others).  For  instance,  a  diet  of 
bread  and  milk  causes  the  secretion  of  a  large  quan  ity  of  juice  which  is 
rich  in  trypsinogen  but  contain  nearly  no  trypsin.  On  giving  meat  after 
this  the  juice  also  contains  trypsin;  after  a  rich  meat  diet  the  secretion 
becomes  scant  and  the  juice  contains  only  trypsin  but  no  trypsinogen. 
The  on.^  difTerence  between  Pawlow 's  school  and  certain  other  investi- 
gators is   as  follows:    According  to  Delezenne  and  Frouin  and  also 

*  Bernstein,  1.  c,  foot-note  4,  page  320;    Walther,  Arch,  des  sciences  biol.  de  St. 
P^tersbourg,  7. 
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PopiELSKi '  the  juice  never  contains  trypsin  but  always  only  tr^^psinogenj 
if  it  is  collected  through  a  canula  in  Wirsuxg's  duct,  so  that  contact  with  [ 
the  intestinal  mucosa  Ls  prevented*     Popielski  explains  the  ob.s3n'atH)iii 
of  Pawlow^s  school  by  the  fact  that  a  contact  of  the  juice  with  the  in- 
testinal secretions  was  not  perfectly  prevented,  and  that  with  one  kind  of 
diet  a  rapid  flow  of  juice  took  place  and  vvi  h  another  a  slower  flow. 

It  is  not  clear  whether  there  are  also  kinases  for  the  other  two  eo- 
zymes.  Pawlow's  school  claim  that  the  diastase  is  always  eliminated 
as  enzyme,  while  according  to  Pozerski  a  kinase  also  exists  for  this  zymo- 
gen. In  regard  to  steapsin  the  statements  are  somewhat  contradictory. 
According  to  Lixtavarew  a  zymogen  is  secreted  with  carbohydrate  and 
fat  rich  food,  wiiich  b  quickly  chansi^ed  into  the  enzyme  by  bile  or  intesti- 
nal  juice.     With  a  meat  diet  the  steapsin  is  secreted  already  formed. 

The  specific  irritants  for  the  secretion  of  pancreatic  juice  are,  acconling 
to  Pawlow  and  his  collaborators,  acids  of  various  kinds,  hydrochloric  acid 
as  well  as  lactic  acid,  and  fats.    Alkalici^  and  alkali  carbonates  have,  on  the 
contrary^  a  retarding  action.     It  seenLs  as  if  th:'  acids  act  in  a  reflex  man- 
ner by  irritating  the  mucosa  of  the  duodenum.     The  water,  which  causes  ; 
a  secretion  (>f  aci<l  gastric  juice,  also  becomes  indirectly  a  stimulant  for  the] 
pancreatic  secretion,  but  miy  also  be  an  independent  exciter.  The  psychical 
moment  may,  at  le^st  in  the  first  place,  have  an  indirect  action  (.secretioa 
of  acid  gastric  juice)  ^  and  the  food  seems  otherwise  Ui  havj  an  action  on 
pancreatic  secretion  by  its  action  on  the  secretion  of  gastric  juice. 

The  most  important  excitant  for  the  se^Tetion  of  juice  is  hydrochloric 
acid,  but  the  views  are  not  united  as  to  the  manner  in  which  the  acia  acts. 
According  to  Pawujw's  school  the  acid  acts  reilexly  ufxin  the  int^tine,  caus- 
ing a  secretion  of  a  juice  containing  oidy  tr}'psinogen.  That  a  reflex  action  is 
here  prcduced  is  not  contradicted  by  the  investigations  of  Popielski, 
Wkrtheimee  and  Lesage,  FLEit; ,-  and  others.  According  to  the  researches  of 
Bayliss  and  Stakling,  which  have  K>een  confirmed  by  Camus,  Gley,  Fleig^ 
Hehzen,  and  others,  a  second  factor  must  also  be  active  here.  Bay- 
liss and  Starling  have  shown  that  a  body  which  they  have  called  secreHn 
can  be  extracted  from  the  intestinal  rauco.^a  by  a  hydrnt  hlc iric  acid  solution 
of  4  p.  m.,  and  which  when  introduced  into  the  blood  pmduces  a  secretion 
of  pancreatic  juice.  Secretin  Is  not  destroyed  by  heat,  it  is  not  identical 
with  enterokioase;  and  is  not  consitlered  as  an  enzyme.  It  is  fomiefl  fnjm 
another  substance,  promcreim^  by  the  action  of  acids.     We  have  numerous 

*  Delezenne  and  Frouln,  Compt.  rend,,  134,  and  Compt  rend.  soc.  bioL,  S5;  Popicl- 
ski,  CentralbL  t.  Physiol.,  17,  05.  For  the  literature  on  enlerokinaije,  secretin  and 
pane  tea  tic- juice  secretion  we  must  refer  to  the  evteiisive  literature  given  in  O.  Cohn- 
hcim,  Biochein,  Centralbl,  I,  10^1, 

*  Central bl.  f.  PhysioL,  16,  6Si,  and  Compt    rend.  soc.  biol,  55.     See   also 
note,  page  1. 
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^mvestigations  on  secretin,  but  the  statements  differ  in  several  points.  It 
I  iB  difficult  to  obtain  a  clear  conception  of  the  amount  of  zymogens  or  en- 
xymes  secreted  by  the  juice  under  the  influence  of  the  secretin.  It  seems 
to  be  clear  that  this  juice,  at  least  in  many  cases,  contains  only  trypsino- 
gen  and  no  trypsin. 

The  activation  of  the  trypsinogen  into  trypsin  may — as  the  researches 
of  Herzen,  which  have  been  substantiated  by  Gachet  and  Panchon, 
Belumy,  Mendel  and  Rextger,  have  shown — in  life  be  brought  about  not 
only  in  the  intestine,  but  also  in  the  gland  itself.  This  activation  of  the 
tr}'psinogen  in  the  gland  itself  is  caused  in  a  still  unknown  manner  by  a 
body  whose  nature  is  unknown,  and  is  formed  in  the  spleen,  which  is 
congested  during  digestion.  Such  a  "chaining"  of  the  pancreas  by  the 
^leen  has  been  repeatedly  suggested  by  Schiff,*  and  his  statements  have 
not  only  been  confirmed  by  these  recent  investigations,  but  in  part  also 
explained. 

The  conversion  of  the  trypsinogen  into  trypsin  in  the  removed  gland  or 
in  an  infusion  under  the  influence  of  air  and  water  and  also  by  other  bodies 
has  been  known  for  a  long  time.  According  to  Vernon  the  trypsin  itself 
has  a  strong  activating  action  upon  trypsinogen,  and  in  this  regard  it  is 
more  active  than  enterokinase.  The  ordinary  view  of  Heidenhain,  that 
the  transformation  of  trypsinogen  into  trypsin  is  also  brought  about  by 
acids,  has  been  found  to  be  incorrect  by  Hekma.^ 

Another  intraglandular  enzyme  formation  in  the  pancreas  is  that  ob- 
sened  by  Weinland,  where  a  lactase  is  reflexly  formed  after  the  intro- 
duction of  milk-sugar  into  the  intestine.  This  is  a  special  example  of 
the  general  rule  based  upon  Brocard's'  researches,  that  the  kind  of  food 
has  a  marked  influence  upon  the  formation  of  hydrolytic  ferments  in  the 
body;  "  c'est  Taliment  qui  fait  le  ferment/' 

The  statements  as  to  the  quantity  of  pancreatic  juice  secreted  in  the 
twenty-four  hours  differ  very  much.  According  to  the  determinations 
of  Pawlow  and  his  collaborators,  Kuwschinski,  Wassiliew,  and  Ja- 
bloxsky/  the  average  quantity  (w^ith  normally  acting  juice)  from  a  per- 
nianent  fistula  in  dogs  is  21.8  c.  c.  per  kilo  in  the  twenty-four  hours. 

The  pancreatic  juice  of  the  dog  is  a  clear,  colorless,  and  odorless  alka- 
line fluid  which  when  obtained  from  a  temporar}^  fistula  is  very  rich  in 

*  Bellamy,  Journ.  of  Physiol.,  27;  Mendel  and  Rcttger,  Araer.  Joum.  of  Physiol.,  7. 
A  very  complete  reference  to  the  literature  may  be  found  in  Menia  Besbokaia :  ' '  Du 
rapport  fonctionell  entre  le  pankr<5as  et  la  rate. '*     Lusanne,  1901. 

'  \  emon.  Joum.  of  Physiol.,  28;  Hekma,  Kon.  Akad.  v.  Wettenschappen  te  Am- 
sterdam, 1903. 

'  Weinland,  Zeitschr.  f.  Biologie,  38  and  40;  Brocard,  Joum.  de  Physiol,  et  de 
Path.  gen.  4. 

*  Arch,  des  sciences  de  St.  P^tersbourg,  2,  391.  The  older  statements  of  Keferstein 
and  Hallwacbs,  Bidder  and  Schmidt,  and  others  may  be  found  in  Kiihne,  Lehrbuch,  114. 
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proteids,  sometimes  so  rich  that  it  coagulates  'ike  the  white  of  the  egg 
on  heating.  Besides  proteids  the  juice  contains  also  the  three  above- 
mentionei!  enzymes  (or  their  zymogens)  ^  amyhpsin^  (rypsin,  st4^apsin,  and 
rcnnrn,  wliieh  was  first  obfeer\Td  by  Kuhne.  I'ei^ides  the  above-mentioned 
bodi^  the  pancreatic  juice  habitually  contains  ^^mll  quantities  of  hucin, 
fat,  and  soaps.  As  mineral  constituents  it  contains  chiefly  alkali  chlorides 
and  considerable  alkali  carbonate,  some  phosphoric  acid,  lime,  magnesia, 
and  irt>n. 

The  human  physiological  pancreatic  secretion  from  a  fistula  has  been 
recently  investigated  by  Glaessner/  The  secretion  was  clear,  foamed 
readily,  had  a  strong  alkaline  reaction  even  to%vards  phenolphthalcin.  and 
contained  globulin  and  albumin  but  no  pnjteoses  and  peptones.  The 
specific  gravity  was  l,0t>T5  and  the  freezing-point  depression  was 
j^-0.46-0.41)^  The  solids  were  12.44-1271  p.  m.,  the  total  protdd 
1.2S-174  p.  m.,  and  the  mineral  bodies  5,66-6.98  p.  m.  The  secretion 
contained  no  trypsin  but  a  pmenzyrnc  which  was  activated  by  the  intes- 
tinal juice.  Diastase  and  lipase  were  present;  inverting  cnz}TiieS|  on  the 
contrary;*  were  not.  The  daily  quantity  of  juice  was  500-800  c.  c.  TTie 
quantity  of  secretion,  of  ferments,  and  the  alkalinity  was  lowest  in  starvation, 
but  soon  rose  with  the  taking  of  food,  and  reached  it«  maximum  in  about 
four  hours. 

The  older  analyses  of  the  juice  from  a  permanent  fistxUa  by  C.  Schmi  i>t 

are  the  results  of  a  more  or  less  abnormal  secretion,  hence  we  shall  give  only 

the  analyses  of  juices  from  temixjrar}^  fistulas  on  dogs.'    The  results  are 

given  in  parts  per  1000. 

a.  h. 

Wat^r . . . ,  900.8  884,4 

SoUda d9.2  115.6 

Organic  subatance 90  4  . 

Ash ._ , 8.8 

The  mineral  constituents  consisted  t^hiefly  of  NaCl,  7.4  p,  m. 

In  the  pancreatic  juiee  of  rabbits  ll-2(>  p.m.  solids  have  been  found,  and 
that  from  sheep  14,3-3^1.0  p.  m.     In  the  pfjnereatic  juilh?  of  the  horse  9-15.5  p.  m. 
fiolids  have  been  found;  in  that  of  the  pigeon,  12-14  p.  m. 

It  hm  not  hoen  possible  to  investigate  human  pancreatic  juice*  Never- 
theless the  fluid  obtained  from  pancreatic  cysts,  or  after  their  extirpation, 
has  been  analyzed.  As  this  fluitl  cannot  give  a  perfect  idea  as  to  the 
properti^  of  the  normal  juice^  we  must  refer  to  the  older  analyses  and  to 
the  recent  works  of  SfHiMM  and  of  Murray  and  Giks.* 

Amylopsin  or  pancreatic  diastase,  which,  according  to  Korowin  and 
ZwEiFEL,  is  not  found  in  new-born  infants  and  does  not  api>ear  until  more 

*  Zeitachr.  f.  physiol.  Chero.,  40, 
»  Citcxl  from  Midy  in  Hermann's  ITandbuch  der  Physiol.,  q,  Thdl  II.  189, 

*  SchunuDp  Zeitschr.  f.  pbysiol.  Chem.,  36;  Murray  and  Gies,  American  Medicine,  4, 

1902. 
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than  one  nionth  after  birth ^  seems^  although  not  ideutica!  with  ptyalin,  to 
be  nearly  related  to  it.  Amylopsin  acts  ver>^  energetically  upon  Ixiiled 
Btarch,  and  accordin  :  to  Kuhne  upon  unboileil  starch,  E?specially  at  37^ 
to  40^  C,  and  according?  to  Vernon/  best  at  35**  C.  It  forms,  siuiilar  to 
the  action  of  .<aliva,  be-ides  dextrin,  cliiefly  isomaltose  and  maltose,  with 
only  ver>^  little  dextmse  (Muscclus  and  v.  Mering,  Kulz  and  Vogel  '). 
The  dextrose  is  probaljly  forme<l  by  the  action  of  the  invert  in  ^  existing 
in  the  gland  and  juice.  According  to  RAruFonD  the  action  of  the  amylop- 
sin k  not  reducetl  b}'  very-  small  quantities  of  hyfln>chlorie  acid  but  is 
diminished  by  larger  amounts.  Verxox,  Ghctznkr  and  Wachsmann  * 
fin<l  that  the  action  y,  indeed  accelerated  by  very  small  quantities  c»f  hydro- 
chloric acid,  0.045  p.  m.,  wliile  alkalies  i[i  vei^*  small  amounts  have  a  retard- 
ing aetion.  This  retarding  action  of  alkalies  and  hydmchlorie  acid  may 
be  stopped  by  bile. 

If  the  natural  pancreatic  juice  is  not  to  be  obtained,  then  the  gland 
mny  be  treated  with  water  or  glycerine.  This  infusion  or  the  glycerine  ex- 
tract dilute*!  with  water  (when  glycerine  ha^  been  ustxl  which  has  no  reduc- 
ing acti  n)  jniiy  be  testetl  dire<*tly  with  stareh-i>aste.  It  is  safer,  ht>wever,  to 
fin^t  precipitate  the  f  nzyme  fmni  the  glycerine  extract  by  alcohol,  and  wash 
vnih  this  hiiuid,  drv  the  precii>itate  over  sulphuric  acid,  and  extmct  with 
water.  The  enzyme  is  dissolve^]  liy  the  water.  The  detection  of  sugar 
may  be  performed  in  tlie  same  manner  as  in  the  saliva* 

Steapsln  or  Fat-splitting  Enzyme.  The  action  of  the  pancreatic  juice 
on  fats  is  twofi>ld.  Fir^t,  the  neutral  fats  are  split  into  fatty  acids  and 
glycerine,  which  is  an  enzymotic  process;  and  secHindly,  it  has  also  the 
property  of  emulsifying  the  fats. 

Tlie  action  of  the  pancreatic  jutce  in  splitting  the  fats  may  be  shown  in 
the  following  way:  Shake  olive-oil  with  caustic  s<vda  an  I  ether,  siphon  off 
the  ether  and  filter  if  neccssanr%  then  shake  the  ether  repeatedly  with  water 
and  evajxirate  at  a  gentle  heat.  In  this  way  is  obtained  a  residue  i»f  fat  free 
frr>m  fatty  acitls  wliich  is  neutral  and  which  dissolves  in  aciil-fret*  alcohol 
ami  is  not  cobre<l  red  y  alkanet  tincture.  If  su(  h  fat  is^  mixed  with 
perfectly  fresh  alkaUne  pancrcati"  juice  or  with  a  freshly  jirepa^ed  infusion 
of  the  fresh  glantl  and  trc*ated  with  a  little  alkali  or  with  a  ftintly  alkaline 
glyci  rine  extract  of  the  frt^h  gland  (9  partes  glycerine  .  nd  1  part  1  per  cent 
Eoda  solution  for  each  gram  of  the  gland),  and  i-om?  Htmus  tincture  add  d 
and  the  mixture  wanued  to  3'*^C*,  the  alkaline  reaction  will  gradually 
disappear  and  :m  acid  one  take  its  place.  This  acid  reaction  depends  upon 
the  conversion  t»f  the  neutral  fats  by  the  ej3Z\Tne  into  glycerine  and  free 
fattv  acid^* 


*  Korowin,  Maly's  Jahresber,,  8;  Zweifel,  foot-note  3,  page  290;  Kiihne,  Lehrbuch, 
117;  Vernon,  Joura.  of  Physiol. »  2*. 
*SiH»  foot-note  1,  page  291. 

"S<ie  Tcbb,  Joum.  of  Physiol.,  la,  and  Abdous,  Compt.  rend.  Soc.  de  bioL,  43. 
•Rachford,  Amer.  Joum.  of  PhysioL,  2;  Vernon,  L  c. ;  GrQtzner,  Pfluger's  Arch.,  9L 
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The  split tin^sj  <A  tlic^  neutral  fats  may  also  bo  ^hown  more  exact 
the  following  method:  The  mLxttire  of  neutral  fats  (al>solutely  free 
fatty  ackls)  and  pant^reatic  juice  or  pancreas  infusion  is  digested  at  the 
pcratnre  of  the  budy  and  treated  with  some  soda  and  repeatedly  si 
with  fresh  quantitit^s  of  ether  until  all  the  un.split  neutral  fats  are  rem 
Then  it  is  made  acid  with  f^ulphviric  acid,  and  after  the  add  liquor  has 
shaken  with  ether,  the  ether  h  evaporateil,  and  the  residue  tested  for 
acids. 

Another  simple  process  for  the  demonstration  of  the  fat-splitting  \ 
of  the  pancreatic  glands  is  the  following  (Cl.  Beknakd):  A  small  port 
the  perfectly  fresh,  finely  divided  ^land  substance  Is  first  soaked  in  a 
(90  per  cent).  Then  the  alcohol  Ls  removed  as  far  as  possible  by  pD 
between  blotting-jjaper,  after  which  the  ]7ieces  of  gland  are  covered  vr, 
ethereal  solution  of  neutral  butter-fat  (which  may  be  obtained  by  sh 
milk  with  caustic  soda  and  ether).  After  the  evaporation  of  the  ethi 
pieces  of  gland  covered  with  butter-fat  are  pressed  between  two  ^ 
glasses  ami  then  .£:ently  heated  to  37°  tn  4U°C.  in  this  position.  A 
certain  time  a  marked  otlor  uf  butyric  acid  appears. 

The  action  of  the  pancreatic  juice  in  splitting  fats  is  a  process  ana! 
to  that  of  saponification,  the  neutral  fats  l>eing  decomposed,  by  the  ad 
of  the  elements  of  water,  into  fatty  acids  and  glycerine  according  1 
following  formula:  Cyi^J  VR,  (neutral  fat)  -f  SHjO-CaHs.O^.Hj  (glyc 
-f  3{II.0.R)  (fatty  acid).  This  tlepends  upon  a  hydrolytic  splitting, 
was  first  positively  proved  by  Bernard  and  Berthelot,  The  par 
enzyme  also  decomposes  other  esters  just  as  it  does  the  neutral  fats  (Ni 
Baas).  The  fat-splitting  enzyme  of  the  pancreas  is,  according  \o  Pa 
and  Bruno,'  aided  in  its  action  by  the  bile. 

The  fatty  acids  which  are  split  off  by  the  action  of  the  pancreatii 
comfjine  in  the  intestine  with  the  alkalies,  forming  soaps  which 
strong  emulsifying  action  on  the  fat.s,  aoil  thus  the  pancreatic  juice  be 
of  great  importance  in  the  emulsification  and  the  alisorjjtirin  of  the  f 

Trypsin.  The  actit^n  uf  the  pancreatic  juice  in  digesting  prot-eic 
first  obsen^ed  by  Bernard,  but  first  proved  by  Cormsart."  It  d< 
upon  a  Bpecial  enzyme  called  by  Kuhne  tripsin.  This  enzjnne,  as 
ously  explained^  does  not  occur  in  the  glantl  as  such  but  as  tr\-psi 
According  to  Albertoni  ^  this  zymogen  is  found  in  the  gland  in  tl 
third  of  the  intra-uterine  hfe.  Enzymes  more  or  less  like  trypsin 
also  in  other  organs  and  are  also  ver}'  widely  diffused  in  the  vegetabh 
dnm,*  in  yeast,  and  in  higher  plants,  and  are  also  fonned  by  various  1 


'  Bernard,  Ann.  de  chim.  et  physique  (3  s^r.),  25;  Bert  helot,  Jahresber.  d, 
1855,  733;  Nencki,  Arch.  f.  exp.  Path.  u.  Pharm.,  20;  Baas,  Zeif-schr.  f,  phyaiol. 
14*  4ir*;   Bnjno,  Arch,  des  aciences,  biolog.  de  St,  Pr'tersbourg,  7,  14. 

*  Ga;^.  hel>domaddire,  1S57,  No®,  15,  10,  19.  Cited  frotn  Btinge,  Lehrbuch, 
15. 

*  See  Mttly  *9  Jahresber.,  8,  254, 

<ln  this  connection  see  Vines^  Annala  of  Botany,  lf>,  17,  and  Oppenheiin 
Fernient<?,  1900- 
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Trypsin,  like  other  enz3nnes,  has  not  been  prepared  in  a  pure  condition. 
Nothing  is  positively  known  in  regard  to  its  nature,  but  as  obtained  thus  far  it 
shows  a  variable  behavior  (KtJHNE,  Klug,  Levene,  Mays,  and  others). 
At  least  it  does  not  seem  to  be  a  nucleoproteid,  and  trypsin  has  also  been 
obtained  which  did  not  give  the  biuret  test  (Klug,  Mays,  Schwarzschild). 
TnT)sin  dissolves  in  water  and  glycerine,  while  Kl-hne's  trj^psin  was  insol- 
uble in  glycerine.  It  is  very  sensitive  to  heat,  and  even  the  body  tempera- 
ture gradually  decomposes  it  (Vernon,  Mays).  In  neutral  sohition  it 
Ixjcomes  inactive  at  45°  C.  In  dilute  soda  solution  of  3-5  p.  m.  it  is  still 
more  readily  destroyed  (I^iernacki,  Vernon  *).  The  presence  of  proteoses 
has,  to  a  certain  extent,  a  protective  action  on  heating  an  alkaUne  trypsin 
solution.  Trj'psinogen,  according  to  the  unanimous  statements  of  several 
experimenters,  is  more  resistant  towards  alkalies  than  trj'psin.  Trypsin 
is  gradually  destroyed  by  gastric  juice  and  even  by  digestive  hydrochloric 
acid  alone.  Like  all  enzymes,  tr\'psin  is  characterized  by  its  physiological 
action,  which  consists  of  dissolving  proteid  in  alkaline,  neutral,  and  even 
in  very  faint'y  acid  solutions  and  of  splitting  it  into  simpler  pn)ducts, 
'uch  as  mono-  and  diamino-acids,  trj'ptophan,  and  other  bodies. 

The  preparation  of  pure  trypsin  has  been  tried  by  various  experimenters. 

The  most  careful  work  in  this  direction  was  done  by  Kuhne  and  Mays. 

Various  methods  have  been  suggested  by  Mays, but  we  cannot  enter  into 

^  discussion  of  them.    A  very  pure  preparation  can  be  obtained  by  making 

^se  of  the  combined  salting  out  with  NaCl  and  MgS04.    A  ver}^  active 

Solution,  and  one  that  can  be  kept  for  a  long  time  (for  more  than  twenty 

^'"^ars  according  to  Hammarsten),  can  be  obtained  by  extracting  with 

•^Vycerine  (Heidenhain  *).      An  impure  but  still  very  active  infusion  c^-n 

^^  obtained  after  a  few  days  by  allowing  the  finely  divided  gland  to  stand 

"^'ith  water  which  contains  5-10  c.  c.  chloroform  per  liter  (Salkowski)  at 

^lie  temperatiure  of  the  room.      This  infusion  can  be  kept  ver>'^  active 

^or  several  years  at  the  cellar  temperature.    For  digestion  experiments 

^he  active  conmiercial  trypsin  preparations  can  be  employed. 

The  action  of  trypsin  on  proteids  is  best  demonstrated  by  the  use  of 
librin.  Very  considerable  quantities  of  this  proteid  body  are  dissolved 
by  a  small  amount  of  trypsin  at  37-40^  C.  It  Ls  always  necessary  to  make 
a  control  test  with  fibrin  alone,  with  or  without  the  addition  of  alkali. 
Fibrin  is  dissolved  by  trypsin  with:)ut  any  putrefaction;  the  liquid  has  a 
pleasant  odor  somewhat  like  bouillon.  To  completely  exclude  putrefaction 
a  little  thymol,  chloroform,  or  t^)lucne  should  be  added  to  the  liquid.  Tryptic 

*  Kuhne,  Verb.  d.  naturh.-mcd.  Vereins  zu  Heidelberg  (N.  F.),  1,  3;  Klug, 
Math,  naturw.  Ber.  aus  Ungam,  IS,  1002;  Levene,  Amer.  Joum.  of  Physiol.,  5; 
Mays,  Zeitschr.  f.  physiol.  Chem.,  3S;  Vernon,  Joum.  of  Physiol.,  2S  and  29;  Bier- 
nacki,  Zeitschr.  f.  Biologie,  28;  Schwarzschild,  Hofmeister's  Beitriige,  4. 

» Pfluger's  Arch.,  10. 
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digestion  differs  essentially  fmm  pepsin  digestion  in  that  the  fiiBt  tak 
place  in  neutral  or  alkaline  reaction  and  not,  as  h  necessar>^  for  pepti 
digestion,  in  an  acidity  of  1-2  p,  m.  HCI,  and  further  by  the  fact  that  th 
proteids  cEssolve  in  tn^psin  digestion  without  previously  swelling  up. 

As  tr>^pf=!in  not  only  flissolves  proteids,  but  also  other  protein  sub^bnres 
such  as  gelatine,  this  latter  body  may  be  used  in  delecting  try{isin.  The 
liquefaction  of  strongly  disinfected  gelatine  b,  according  to  Fermi/  averr 
delicate  reagent  for  tr}q:w?in  or  tryptic  enzyme- 

Many  circumstances  exert  a  marked  influence  on  the  rapidity  0/  tk 
trypsin  digestion.     With  an  increase  in  the  quantity  of  emtjme  present  the 
digestion  Ls  hastened  at  least  to  a  certain  point,  and  the  same  is  also  t  ueof 
an  increase  in  temperature  at  least  to  alxtut  40*^  C,  at  which  temperature 
the  proteid  is  veiy'  rapidly  dissolved  by  the  trypsin.    The  reaction  is  ak>  <ii 
the  greatest  importance.     Tn^psin  acts  energetically  in  neutral,  or  still 
better  in  alkaline^  solutions »  and  best  in  an  alkalinity  of  3-4  p.  m.  Na,CC\; 
but  the  nature  of  the  proteid  is  also  cf  importance.     The  action  of  the 
alkali  depends  upon  the  number  of  hydroxy  1  ions  (Uietze,  Kan'ttz)  and, 
according   to   Kanitz,^   the    digestion   proceeds    best    in    those  solutujns 
which  are  N/70-N/200  in  regard  to  hydroxj^l  ions.     Free  mineral  acids,  even 
in  ver>"  s^mall  tjuantities,  com|)letely  prevent  the  digest irjn.     If  the  acid  is 
not  actually  free,  but  combined  with  proteid  bodies,  then  the  digestion 
may  take  place  quickly  wh^n  the  acid  combination  is  not  in  tcx*  great 
exces.s  (Chittenden  and  Cummins).     Organic  acids  act  less  disturbingly, 
and  in  the  presence  of  0-2  p,  m.  lactic  acid  ant!  the  simultanettus  pres^ 
ence  of  bile  and  common  salt  the  digestion  may  indeed  proceed  more  tjUickly 
than  in  a  faintly  alkaline  liquid  (L  ndukrger).     The  statement  of  Rach- 
FoiiD  and  SouriiGATE,  that  the  bile  can  prevent  the  injurious  action  of 
the  hy<hrochlonc  acid,  and  that  a  mbctiire  of  pancreatic  juice,  bile,  and 
hydrochloric   acid   tligests  better  than  a  neutral  pancreiitic  juice,  could 
not  be  substantiated  by  Chittenden  and  Aloro,     That  l>ile  has  an  action 
tending  to  aiil  the  tryptic  digestion  has  been  shown  by  many  iiivestigatons 
and  recently  l)y  Bruno,  Zuntz  and  lissow,* 

Carbon  dioxide,  according  t*>  Schierbeck/  has  a  retartling  action  in 
acid  sokitioa'?,  but  it  accelerates  the  tryptic  digestion  in  faintly  alkaline 
liquitls.     Foreign  bodies^  such  as  borax  and  potassium  cyanide,  may  pro- 

'  Arch.  f.  Hygiene,  12. 

*  Kanitz,  Zdtsehr.  f.  physiol.  Chem.,  37,  iiirho  nUo  cites  Djctze. 

*  Chittenden  and  Cummins,  Studieii  from  the  rhysiol.  Chem.  Laboratory  of  Yale 
College,  New  Haven,  1SS5,  1,  100;  Lindberger,  Maly*s  Jahresher,  13;  Rachford  and 
Bouthgate,  Mexlical  Record,  1895;  Chittenden  and  Albro*  Amer.  Journ.  of  PhyJiiol,  1, 
189S;  Rachford,  Joum.  of  Physiol.,  2»;  Bruno,  L  c;  Zuntz  and  Usaow,  Arch  f.  (Anat. 
u.)  Physiol,  1900. 

*  Skand.  Arch.  f.  Physiol,  3. 
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mote  ti^'ptic  digestion,  while  other  bodies,  such  as  salts  of  mercur}%  iron, 
and  others  (Chittenden  and  Cummins),  or  salicylic  acid  in  large  quan- 
tities, may  have  a  preventive  action.  The  nature  of  the  proteids  is  also 
of  importance.  Unboiled  fibrin  is,  relatively  to  most  other  proteids, 
dissolved  so  very  quickly  that  the  digestion  test  with  raw  fibrin  gives  an 
incorrect  idea  of  the  power  of  trj'psin  to  dissolve  coagulated  proteid  bodies 
in  general.  E  oiled  fibrin  is  digested  with  much  greater  difficulty  and 
requires  also  a  higher  alkalinity:  8  p.  m.  Na^CC),  0''ernon*).  An  accumu^ 
ktion  of  the  products  of  digestion  tends  to  hinder  the  trj-psin  digestif)n. 

The  Products  of  the  Tn/itic  Digestion,  In  the  digestion  of  un}x)ilcd 
fibrin  a  globulin  which  coagulates  at  55-60°  C.  may  Imj  obtained  as  an 
intermediate  product  (Herrmann  ').  Besides  this  one  obtains  from  fibrin, 
aswell  as  from  other  proteids,  the  products  previously  mentioned  in  Chapter 
II.  In  trj-psin  digestion  the  cleavage  may  proceed  so  far  that  the  mbc- 
turefails  to  give  the  biuret  reaction.  This  does  not  inrlicate,  as  E.  Fischer 
and  Abderhalden  have  shown,  a  complete  cleavage  of  the  pn)teid  mole- 
cule into  mono-  and  diamino-acids,  etc.,  Wcause  polypeptide-like  Ixirlics 
are  produced  beside  these  acids  which  are  intemicdiar}-  bodies  between 
the  peptones  and  the  end  products.  These  Ixxlies,  which  resist  tr}'i^tic 
digestion  for  a  long  time,  contain  the  pyrrolidin-carbonic  acid  and  phenyl- 
alanin  groups  of  the  proteids,  and  also  yield  other  monamino-acids,  such 
as  leucin,  alanin,  glutamic  acid,  and  aspartic  acid.  In  trj-ptic  digestion 
no  more  nitrogen  as  ammonia  is  split  ( ff  than  on  hydrolysis  with  acids 
(MocHizuKi),  which  is  a  dLffercnce  between  trj'psin  and  the  autolytic 
enzymes.  Among  the  above-mentioned  products  we  find  on  the  auto-diges- 
tion of  the  gland  other  substances,  such  as  oxyphenylcthylaminc  (E.meuson), 
w^hich  is  produced  from  tyrosin  by  fermentive  COj  cleavage;  also  uracil 
(Levene),  which  originates  from  the  nuclein  bodices,  the  purin  bases,  and 
t'ho'ine,  which  latter  is  fonned  fn)m  lecithin  (Kutscuku  and  Loiimanx'). 
If  putrefaction  is  not  completely  i)reventcd,  still  other  bodies  occur  which 
rill  be  considered  later  in  connection  with  the  putrefactive  processes  in  the 
intestine. 

The  Action  of  Tnjpsin  ujxm  other  hcxiies.  The nuclcoprotcids  and  nuclcins 
are  so  digested  that  the  proteid  complex  is  separated  from  the  nucleic 
acid  and  then  digested.  The  nucleic  acids  may,  nevertheless,  be  somewhat 
changed  (Araki)  ;  a  splitting,  with  the  setting  free  of  phosphoric  acid  and 
purin  bases,  does  not  seem  to  occur  with  trypsin  (Iwaxoff  *),    Gelatine  is 


*  Joum.  of  Physiol.,  28. 

'Herrmann,  Zeitschr.  f.  physiol.  Chem.,  11. 

*  Fischer  and  Abderhalden,  Zeitschr.  f.  physiol.  Chem.,  39;  Mochizuki,  llofmeister's 
Bdtrage,  1;  Emereon,  ibid.,  1;  Levene,  Zeitschr.  f.  physiol.  Chem.,  37;  Kutscher  and 
Lohmann,  ibid.,  39. 

*IwanofF,  Zeitschr.  f.  physiol.  Chem.,  39,  which  also  contains  the  literature. 
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dissolved  and  digested  by  pancreatic  juice.  A  cleavage  wdth  the  separa- 
tion of  glycocoU  and  leucin  does  not  occur  (Kuhne  and  Ewald),  or  only  to 
a  trivial  extent  (Eeich-Herzbercse  *). 

The  gtiatine- forming  suhsiaucc  of  the  connective  tissues  is  not  directly 
dissolved  by  trypsin,  but  only  after  it  has  been  treated  with  acids  or  soaked 
in  water  at  70°  C.  By  the  action  of  tn^jsin  on  hyalin  cartilage  the  cells 
dissolve,  lea\dng  the  nucleus.  The  matrk  is  softened  and  shows  an  indi;?- 
tinetly  constructed  network  of  collagenous  substance  (Kuhne  and  Ewald). 
The  eliJsHc  substance ^  the  structureless  membranes,  and  the  7m^mhrane  of  the 
fat'CellSf  are  also  dissolved.  Parcfiehyjfiatous  organs ^  such  as  the  liver  antl 
the  muscles,  are  dissolved^  all  but  the  nuclei,  connective  tissue,  fat-coi^ 
puselcs,  and  the  remainder  of  the  ncrv'ous  tissue.  If  the  muscles  are  boiletl, 
then  the  connective  tissue  is  also  dissolved.  Mucin  is  dissolved  and  split 
by  tn^psin^  while  chitin  and  harn  mtbstancc  do  not  seem  to  be  acted  upon 
by  the  enzyme.  Oxyhmnoglohin  is  decom]iosed  by  trypsin  w^ith  the  splitting 
off  of  hapmatin,     Try^])sin  lias  no  action  upon  fat  and  carbohydrates. 

We  have  the  investigations  of  Gulewitsch,  Gonnermann,  Schwarz- 
fiCHiLD,^  E.  Fischer  and  BERtit-xL^  upon  the  action  of  tr^^psin  of  simply 
constructed  substances  of  known  constitution,  such  as  acid  amides  and 
several  others  that  give  the  Vnuret  reaction.  An  imdoubted  cleavage  of  CuR- 
Tius's  biuret-base  was  first  obser\^ed  by  Bchwarzschild.  He  found  thai  this 
base,  which  he  considers  as  hexaglycylglycinethyl  ester,  wajs  decomposed 
by  trypsin  \^^th  the  sjilitting  off  of  glycocoll.  Fischer  and  Bergell 
found  that  the  ^-naphthalene  sulphonic  derivatives  of  glycyl  (^-alanin  and 
^-alanylglycin  were  very  resistant  towards  trypsin,  while  the  naphthalene 
eulpho-  and  carlielhowl  derL%'atives  of  glycyl-ty rosin  were  readily  split 
by  trj^jsin  yielding  ty rosin.  In  the  action  of  tr\'psin  uix>n  inactive  carb- 
ethoxyl-^-1-leucin  the  as}Tnraetric  compound  is  formed.  It  acted  especially 
upon  one-half  of  the  racemic  body  and  s|>lits  off  1-leucin.  The  hydrolysis 
of  the  dipeptides  and  their  derivatives  is  therefore  dependent  upon  several 
factors,  namely,  upon  the  nature  of  the  amino  acidsj  their  stereometric 
6tructure  and  other  conditions. 


Pancreatic  rennin  is  nil  etixyme  found  in  the  gland  imd  \n  the  juice  which  coagu- 
lates neutral  or  jithalinc  milk  (Kchne  and  Robkhts  and  others).  This  enzyme  is 
not  idcnrirnl  with  trvp-^iii.  and  the  optimum  of  its  action  lies  arrording  to  Vernon 
between  W  and  65^  Aeeorfiin|]f  to  IfALunrRTON  atul  Rrodie  *  casein  is  con- 
vert etl  by  tlie  pancreatic  juice  of  the  dog  into  "pancreatic  casein/'  a  eub- 
etance  which,  in  regard  to  snluhility,  .'Stands  to  a  eerttiin  extent  between  c4U«eiri 
and  paracasein  (se*?  Cliapter  XIV).  and  wliieh  i.«  converted  into  paracasein  by 


»  Kiihne  and  Ewald,  Verh,  d  naturh.-med.  Vereios  zu  Heidelberg  (X,  F.),  1;  Reicb- 
Herzberge,  Zeitschr.  f.  physiol.  Chem,,  34, 

'  Hofmeister'a  Beit  rage,  i,  where  the  other  works  are  also  eited. 
'  Ber.  d,  d.  chem.  Gesdbclv,  M. 

*  Kuhne  and  Roberts.  Maly*s  Jahresber.,  0;  see  also  Edkins.  Joum.  of  PhysioL,  It 
ftture  references);  Halliburton  and  Brodie»  ibid,,  20;   Vc?mon,  ibid.,  ST, 
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rennin.     Further  investigations  on  the  action  of  this  enzjine  upon  milk  and 

especially  upon  pure  casein  solutions  are  very  desirable. 

Pancreatic  calculi.  The  concrement  from  a  cystic  enlargement  of  WiRsUNc;*i* 
duct  in  a  man  as  analyzed  by  Bali>oni*  contained  in  1000  parts  as  follo^\'s:  Water 
34.4,  ash  120.7,  albumin  substances  34.9,  free  fatty  acids  13.3,  neutral  fats  rj4, 
cliolesterin  70.9,  soaps  and  pigment  499.1,  parts. 

Besides  the  enzymes,  which  have  been  discussed  in  connection  with  the 
pancreatic  juice,  the  gland  also  contains  others,  among  which  can  be  men- 
tioned the  enzyme  which,  according  to  Stoklasa  and  his  collaV)orators. 
occurs  chiefly  in  organs  and  tissues  and  which  decomposes  sugar  into  alcohol 
and  carbon  dioxide,  like  zymase.     According  to  Simacek,^  in  the  pancreas 
the  glycolysis  by  means  of  alcoholic  fermentation,  and  the  hydrolysis  of 
the  disaccharides,  are  united    together  as  a  specific  action,  and  he  has 
obtained  precipitates   from   cell-free   press-fiuid   with    alcohol   and   ether 
which  brought  on  both  actions  without  bacterial  action.     In  this  connec- 
tion attention  must  also  be  called  to  the  fact  that  O.  Cohnheim  '  has  been 
atle  to  obtain  a  strongly  glycolytic  cell-free  fluid,  not  from  the  pancreas 
alone,  but  from  a  mixture  of  muscle  and  pancreas. 

V.    The  Chemical  Processes  in  the  Intestine. 

The  action  which  belongs  to  each  digestive  secretion  may  he  essen- 
tially changed  under  certain  conditions  by  being  mixed  with  other  digestive 
■*lviicls  for  various  reasons,  and  also  by  the  action  of  the  onzymos  upon  (\ich 
^^ther;*  and  since  the  digestive  fluids  which  flow  into  the  iiitostino  are 
^iLxed  with  still  another  fluid,  the  bile,  it  will  be  readily  understood  that 
^lie  combined  action  of  all  these  fluids  in  the  intestine  makes  the  choniical 
l>rocess?s  going  on  therein  very  complicat^^d. 

As  the  acid  of  the  gastric  juice  acts  destnictively  on  ptyalin,  this  enzyme 
ias  no  further  diastatic  action,  even  after  the  acid  of  the  gastric  juice  has 
1x?en  neiitralizeil  hi  the  intestine.  The  bile  has,  at  least  in  certain  animals, 
a  slight  diastatic  action,  which  in  itself  can  hardly  be  of  any  groat  ini})or- 
tance,  but  which  shows  that  the  bile  has  not  a  preventive  but  rather  a 
beneficial  influence  on  the  energetic  diastatic  action  of  the  j)ancreatic 
juice.  Martin  and  Williams,  Pawlow  and  Bruno  ^  have  observed  a 
beneficial  action  of  the  bile  on  the  diastatic  action  of  the  jiancreas  infusion. 
To  this  may  be  added  that  the  organized  ferments  which  occur  habitually 
in  the  intestine  and  sometimes  in  the  food  have  partly  a  diastatic  action 
and    partly    produce   a    lactic-acid    and    butyric-acid    fennentation.     The 

»  Maly's  Jahresher,  29,  353. 

'Stokl:4sa,  see  foot-note  4,  page  9;  Simacek,  Centralbl.  f.  Physiol,  17. 
•  Zeitschr.  f.  physiol.  Chem.,  39. 

*See  Wr6blew8ki  and  collaborators,  Ilofmeister's  Peitriige,  1. 
'Martin  and  Williams,  Proceed,  of  Roy.   Soc.,  4o  and  48;  Bruno,  foot-note  1, 
page  326. 
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maltose,  which  is  formed  from  the  starch,  seems  to  be  converted  into  dextrose 
in  the  intestine.  Cane-sugar  is  inverted  in  the  intestine,  and,  at  least 
in  certain  animals,  also  lactose.^  Cellulose  undergoes  a  fennentation  in  the 
intestine  by  the  action  of  micro-organisms,  producing  marsh-gas,  acetic 
acidt  and  butyric  acid  (Tappeiner)  ;  still  it  is  not  knoT^-n  to  what  extent 
the  cellulose  is  destroyed  in  this  way.- 

The  bile  has,  as  shown  by  Mooee  and  Rockwood  •  and  then  especially 
by  Pfl(  tiKR,  the  proj>erty  to  a  high  degree  of  dissolving  fatty  acids,  espe- 
cially oleic  acid,  which  itself  is  a  solvent  for  other  fatty  acids,  and  hence, 
as  will  be  seen  later,  it  is  of  great  importance  in  the  absorption  of  fat.  It 
is  also  of  greater  importance  that  the  bile,  as  pre\dous!y  stated,  not  only 
fifCtivates  the  ateapsinogen,  but  that,  as  first  showTi  by  Nenxki  and  Ra<ii- 
FOR0,*  it  accelerates  the  fat-splitting  action  of  the  steapsin.  The  fatty  acids 
combine  with  the  alkalies  of  the  intestinal  and  pancreatic  juices  and  the 
bile,  producing  soaps  which  are  of  great  importance  in  the  absorption  of 
the  fats. 

If  to  a  soda  solution  of  about  1-3  p.  m.  XajCOj  is  added  pure,  perfectly 
neutral  olive-oil  in  not  too  large  quantity,  a  traasient  emulsion  is  obtained 
after  vigorous  shaking.  If,  on  the  cont^ar\^  one  adds  to.  the  same  quantity 
of  soda  solution  an  eriual  amount  of  commercial  oliveHLiil  (which  alwavs 
contains  free  fatt}^  acids),  the  vessel  need  only  be  turned  over  for  the  two 
liquids  to  mix  and  immediately  there  apjiears  a  ver>*  finely  divided  and  per- 
manent emulsion,  making  the  liquid  ap|>ear  like  milk.  The  free  fatty  acids 
of  the  commercial  oil,  which  is  always  somewhat  rancid,  combine  with  the 
alkali  to  form  soaps  which  act  to  emulsify  the  fats  (Bri'^cke,  Gad,  Loewex- 
THAL  ^),  This  emulsifying  action  of  the  fatty  acids  split  off  by  the  pancreatic 
juice  is  undoubtedly  assisted  by  the  habitual  occurrence  of  free  fatty  acids 
in  the  food,  as  w*ell  as  by  the  sphttlng  off  of  fatty  acids  from  the  neutral  fats 
in  the  stomach  (see  page  306). 

Bile  completely  prevents  peptic  z>inolysLs  in  artificial  digestion,  because 
it  retards  the  swelling  up  of  the  proteids.  The  passage  of  bile  into  the 
stomach  during  digestion,  on  the  contra r>%  seems,  according  to  several 
investigators,  especially  Oddi  ami  Dastrk,'  to  have  no  disturbing  action 


>  Se^  foot-note  3,  page  31^. 

*  On  the  digestion  of  cellulose  see  Hennebcrg  and  Stohmiinn,  Zeitschr,  f.  Biologie. 
Sit  613;  V.  Knieriera,  */»r/.,  67;  ilofmf>isrter,  Arch.  f.  wiss,  u,  prakt,  Thierhcilkunde^ 
11, •  Wcieke,  Zeit^ichr,  t  Hiologie,  22,  373;  Tappeiner,  dnd,,  20  axid  21;  and  Alall^vre. 
rfliigGr*9  Arch.,  49;  Omelianaiky,  Arch.  d.  scienc.  bioL  de  St.  l^tersbourg,  7;  E.  MuUer, 
paUger'a  Arch,  83. 

*  Proceedings  of  Roy.  9<)c.,  60,  and  Joum,  of  Pbvi^iol  ,  21,  Tu  regard  to  Pfluger's 
work  see  absorption,  page  344. 

*  Nencki,  Arch,  f.  exp.  Path.  n.  Pharrn.,  20;   Hachford,  Journal  of  Ph^^iol..  l± 

*  Briicke,  Wien.  Sitzungsber,,  01,  Abth.  2;  Gad,  l>u  lk>is-lteymoiid's  Arch,  187S; 
X^oewenthaJ  ibid.^  1897, 

,  Oddi,  Kef.  m  Centralbl  i  Physiol.,  1,  312;  Dastre,  Arch,  de  Ph^^sioL  (5),  2,  316. 
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f      on  gastric  digeBtion.    BQe  has  no  solvent  action  on  pioteids  in  neutral 
'      or  alkaline  reaction,  but  still  it  may  exert  an  influence  on  proteid  digestion 
in  the  intestine.    The  acid  contents  of  the  stomach,  containing  an  abun- 
dance of  proteids,  give  with  the  bile  a  precipitate  of  proteids  and  bile-acids. 
This  precipitate  carries  a  part  of  the  pepsin  with  it  and  for  this  reason, 
And  also  on  account  of  the  partial  or  complete  neutralization  of  the  acid 
of  the  gastric  juice  by  the  alkali  of  the  bile  and  the  pancreatic  juice,  the 
pepsin  digestion  cannot  proceed  further  in  the  intestine.    On  the  contrary, 
the  bile  does  not  disturb  the  digestion  of  proteids  by  the  pancreatic  juice 
in  the  intestine.    The  action  of  these  digestive  secretions,  as  above  stated, 
•    is  not  disturbed  by  the  bile,  not  even  by  the  faintly  acid  reaction  due  to 
organic  acids;  but,  on  the  contrary,  the  action  of  trypsin  is  accelerated 
by  the  bile.    In  a  dog  killed  while  digestion  is  going  on,  the  faintly  acid, 
bile-<jontaining  material  of  the  intestine  shows  regularly  a  strong  digestive 
action  on  proteids. 

The  precipitate  formed  on  the  meeting  of  the   acid  contents  of  the 

stomach  with  the  bile  easily  redissolves  in  an  excess  of  bile  and  also  in  the 

*VaQ  formed  in  the  neutralization  of  the  hydrochloric  acid  of  the  gastric 

juice.    This  may  take  place  even  under  faintly  acid  reaction.     Since  in 

nxan  the  excretory  ducts  of  the  bile  and  the  pancreatic  juice  open  near  one 

^^other,  in  consequence  of  which  the  acid  contents  of  the  stomach  are 

Probably  immediately  in  great  part  neutralized  by  the  bile  as  soon  as  it 

inters,  it  is  doubtful  whether  a  precipitation  of  proteids  by  the  bile  occurs 

in  the  intestine. 

Besides  the  previously  mentioned  processes  caused  by  enzymes,  there 
^re  others  of  a  different  nature  going  on  in  the  intestine,  namely,  the  fer- 
mentation and  putrefaction  processes  caused  by  micro-organisms.    These 
are  less  intense  in  the  upper  parts  of  the  intestine,  but  increase  in  intensity 
towards  the  lower  part  of  the  same,  and  decrease  in  the  larj^e  intestine 
because  of  the  consumption  of  fermentable  material  and  by  the  removal 
of  water   by  absorption.     Fermentation   processes,  but   only  ver}^  slight 
putrefaction,   occur  in    the   small    intestine   of   man.       Macfadyen,   M. 
Nen'cki,  and  N.  Sieber  *  have  investigated  a  case  of  human  anus  pneter- 
naturalis,  in  which  the  fistula  occurred  at  the  lower  end  of  the  ileum,  and 
they  were  able  to  investigate  the  contents  of  the  intestine  after  it  had  been 
exposed  to  the  action  of  the  mucous  membrane  of  the  entire  small  intestine. 
The  mass  was  yellow  or  yellowish  brown,  due  to  bilirubin,  had  an  acid 
reaction  which,  on  a  mixed  but  chiefly  animal  diet,  calculated  as  acetic 
acid,  amounted  to  1  p.  m.     The  contents  were  nearly  odorless,  having  an 
empyreumatic  odor  recalling  that  of  volatile  fatty  acids,  and  only  seldom 
had  a  putrid  odor  resemblin;;  that  of  indol.    The  essential  acid  present  was 
acetic  acid,  accompanied  by  fermentation  lactic  acid  and  paralactic  acid, 

»  Arch,  f.  exp.  Path.  u.  Phann.,  28. 
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volatile  fatty  acids,  succinic  acid;  and  bile-acids.  Coa^ilable  proWids, 
peptone,  mucin,  dextrin,  dextn>Be,  and  alcohol  were  present,  Leueiii  and 
tyro&in  could  not  be  LletcctetL 

According  to  the  above-mentioned  investigators,  the  proteids  are  only 
to  a  very  i^light  extent,  if  at  all,  decomposed  by  the  microl^es  in  the  small 
intestine  of  man.  The  organi^nis  present  in  the  ^mall  inte^stine  preferably 
decompose  the  carbohydrates,  forming  eth}^  alcohol  and  the  above-meiK| 
tione<l  organic  acids. 

Further  investigations  of  Jakowskv  and  of  Ad.  ScmiiDT  *  led  to  ihi. 
same  result,  namely,  that  in  man  the  putrefaction  of  the  proteids  takelj 
price  in  the  large  intef^tine.     This  putrefaction  of  the  pnjteids  is  not 
hame  as  the  pancreatic  digestion.     In  putrefaction  the  decomposition 
'much  further  and  a  mixture  of  prt^ducts  Ls  obtained  which  have  becoto^ 
known  through  the  labors  of  numerous  investigat nrs,  especially  NrNCl^^t 
rAUMAXN,  BniEGEH.  H,  and  E,  Salk<jwski.  and  their  pupils.     The  produC^ 
which  are  formed  in  the  putrefaction  of  pruteids  are  (in  addition  to  V^^ 
tcoscs,  prj>ionrs,  amirw-ficuJs^  and  ammonki)  indoly  skaloi^  paracrcsol,  phrrM^*^ 
phcmji propionic  acid,  and  phcny! acetic  add,  also  paraon/phcnylacetic  acid  ar*^ 
hijdroparacumaric  acid  (besides  paracresol,  produced  in  the  putrefaction  C^^ 
tyrosin),  volalik  fatty  acids,  carbofi  dioxide^  hydrotjm,  fuarsh-gas,  methylme 
captan,  and  s^uJphuniUd  hydrogen.     In  the  putrefaction  of  gelatine  neithf^  ^ 
tyrosin  nor  indo!  Ls  formed,  while  glycocoll  is  produced  instead* 

Among  these  products  of  decomposition  a  few  are  of  special  interes 
because  of  their  behavior  within  the  organi.-m  and  because  after  the 
absorf)tion  they  pass  into  the  urine,     A  few,  such  as  the  oxy acids,  pas 
tmchanged  into  the  urine.     Others,  such  as  jihenols,  are  tlirectly  trans 
formed  into  ethereal  sulfihuric  acids  by  synthesis,  and  are  eUminaled  a^ 
such  by  the  urine;  on  the  contra^,  others,  such  as  iiidol  and  skatol,  aw?^ 
only  converted  into  ethereal  sulphuric  acids  after  oxidation  (for  details  see 
Chapter  XV).     The  quantity  of  these  bodies  in  the  urine  varies  also  with 
the  extent  of  the  putrefactive  processes  in  the  intestine;   at  least  this  is 
true  for  the  ethereal  sulphuric  acids.    Tlieir  quantity  increases  in  the  urine 
with  a  stronger  putrefai*tii>n,  and  the  reverse  takes  place,  namely,  a  disap- 
pearance from  the  urine,  or  a  great  reduction  in  quEUitily,  as  BArMAXX, 
Hahley  and  OoonuoDY  ^  liave  shown  by  experiments  on  dogs,  when  the 
intestine  was  disinfected  by  various  agents. 

Among  the  above-mentioned  putrefactive  pmducts  in  the  intestine  tlie 
two  following,  indol  and  skatol,  should  be  especially  noted. 


•  JakowBky,  Arch,  des  sctenc.  biol,  de  St  P^tcrabourg,  1;  Ad.   Schmidt,  Arch  I 
Verdauungskr.,  4. 

'Baumflim,  Zeitsehr.  f.  physbl  Cbera.t  lOj    Harley  and  Ooodbody,  Brit  M«L 

JourtL,  1899. 


INDOL  AND  SKATOL.  «-. 

CH 

/      \ 
MxA,    C»H,N=-C,H4  CH,     and     Skatol,     or     methyitINDOL, 

C.CH, 

/|H^'=C«H4  ^^CH,  are  two  bodies  which  stand  in  close  relationship 

\        / 
NH 

to  the  indigo  substances  and  are  formed  in  variable  quantities  from  pro- 
teid  compoimds  imder  diflFerent  conditions.  Hence  they  occur  habitually 
in  the  human  intestinal  canal,  and,  after  oxidation  into  indoxyl  and  skat- 
oxyl  respectively,  pass,  at  least  partly,  into  the  urine  as  the  corresponding 
ethereal  sulphuric  acids  and  also  as  glucuronic  acids. 

These  two  bodies  have  been  prepared  synthetically  in  many  ways.  P>oth 
may  be  obtained  from  indigo  by  reducing  it  with  tin  and  hydrochloric  acid 
and  heating  this  reduction  product  with  zinc-dust  (Haeykr  *).  Indol  may 
be  formed  from  skatol  by  passing  it  through  a  red-hot  tube.  Indol  sus- 
pended in  water  is  in  part  oxidized  into  indigo-blue  by  ozone  (Nexcki  ^). 

Indol  and  skatol  cr>'stallize  in  shining  leaves,  and  their  melting-points 
Are  52°  and  95°  C.  respectively.  Indol  has  a  peculiar  excrementitious 
odor,  while  skatol  has  an  intease  fetid  odor  (skatol  obtained  from  indigo  is 
odorless).  Both  bodies  are  easily  volatilized  by  steam,  skatol  more  easily 
than  indol.  They  may  both  be  removed  from  the  watery  distillate  by 
^ther.  Skatol  is  the  more  insoluble  of  the  two  in  boiling  water.  Both  are 
Easily  soluble  in  alcohol  and  give  with  picric  acid  a  combination  consisting  of 
^^  cr}'stalline  needles.  If  a  mixture  of  the  two  picrates  be  distilled  with 
^rannonia,  they  both  pass  over  without  decomj)ositi()n;  while  if  they  are 
distilled  with  caustic  soda,  the  indol  but  not  the  skatol  is  clecomj)()sed. 
The  water>' solution  of  indol  gives  with  fuming  nitric  acid  a  red  licjuid  and 
then  a  red  precipitate  of  nitroso-indol  nitrate  (Nkncki).  It  is  bettor  first 
to  add  two  or  three  drops  of  nitric  acid  and  then  a  2  per  cent  solulion  of 
potai?shim  nitrite,  drop  by  drop  (Salkowski  ').  Skatol  docs  not  \i\\q  this 
reaction.  An  alcoholic  solution  of  indol  treated  witli  liydrochloric  acid 
colors  a  pine  chip  cheny^-red.  Skatol  does  not  give  this  reaction.  Indol 
gives  a  deep  reddish-violet  color  with  sodium  nitropnissidc  and  alkali 
(Legal's  reaction).  On  acidifying  with  hydrochk)ric  acid  or  acetic  acid 
the  color  becomes  pure  blue.  Skatol  does  not  act  the  same.  The  alkaline 
solution  is  yellow  and  becomes  violet  on  acidifying  with  acetic  acid  and 
boiling.     Skatol  dissolves  in  concentrated  hydrochloric  acid  with  a  violet 

*  Annal.  d.  Cbem.  u.  Pharm.,  1-10,  and  Supplbd.,  7,  50;  also  l^er.  d.  deutsch.  chem. 
Gesellsch.,  1. 

»  Ber.  d.  deutsch.  chem.  Gesellsch.,  8,  727,  and  ibid.,  722  and  1517. 

•  Zeitschr.  f.  physiol.  Chem.,  8,  447. 
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coloration.    On  warming  skatol  with  sulphuric  acid  a  beautiful  purple-red 
coloration  is  obtained  {Ciamician  and  Magnanixi*). 

For  the  detection  of  indol  and  skatol  in,  and  their  preparation  fma, 
excrement  and  putrefying  niLxtiire^p  the  main  points  of  the  usual  Diethod 
are  iii?  follows:  The  mLxturo  is  dlstUled  after  acidifying  with  acetic  add; 
the  distillate  Is  then  treate<I  with  alkali  (to  cnmbine  wdth  any  phttiok 
which  may  be  present)  and  again  distilled.  From  thi'^  Fecond  distillate  ihe 
two  bodies,  after  the  addition  of  hydrochloric  acid,  are  precipitutal  by 
picric  acid.  The  pic  rate  precipitate  Ls  then  distilled  with  amoionia.  The  two 
bodies  are  obt;iin«l  from  the  distillate  b}'  repeated  shaking  with  ether  and 
evaporation  of  the  several  ethereal  extracts.  The  residue,  containing  mV\ 
and  skatol,  is  dissnlved  in  a  ver>^  small  quantity  of  alisnlute  alcohol  atid 
treated  with  K-U)  v<ils,  of  water.  Skatul  is  preeipitatetl.  but  not  the  indol 
The  further  treatment  necessary  for  their  separation  and  purification  wiD 
be  fuund  in  other  wtirks. 

The  gases  which  are  produced  by  the  decomposition  processes  are  mixed 
in  the  intestinal  tract  w^ith  the  atmospheric  air  swaUow^ed  with  the  salivft 
and  imydj  and  as  the  gtis  rlevelopeil  in  the  decomposition  of  different  f  x>f^ 
varies,  so  the  mixture  of  gases  aft^r  various  foods  should  have  a  dlssimilat 
compasition.    This  is  found  to  be  true.     Orijgen  is  found  only  in  veiy  faiat 
traces  in  the  intestine;  this  may  be  accounted  for  in  part  by  the  formatioi^ 
of  rethicing  substances  in  the  fermentation  processes  which  combine  wit^ 
the  oxygen,  and  partly,  perhaps  chiefly,  to  a  diffusion  of  the  oxygen  througt* 
the  tissues  of  the  %valls  of  the  intestine.     To  show  that  these  processes  tak^ 
place  mainly  in  the  stomach  the  reader  is  referred  to  page  308,  on  the  eoi»-^ 
position  of  the  gases  of  the  stomach.    Nitrogen  is  habitually  found  in  th^  ■ 
intestine,  and  it  is  probably  due  chiefly  to  the  swallowed  air.     The  cnrhow^ 
dioxide  originates  partly  from  the  contents  of  the  stomach,  partly  from  the 
putrefactitm  of  the  prot-eids,  partly  from  the  lactic-acid  and  butmc-acid 
ferment.atitjn  of  carl>uhyd rates,  and  partly  from  the  setting  free  of  carbon 
dioxide  from  the  alkali  carbonates  of  tlie  pancreatic  and  intestinal  juices  by 
tlieir  neutralization  through  the  hydrochloric  acid  of  the  gastric  juice  and 
by  organic  acids  formed  in  the  fermentation.     Hydrogen  occurs  in  largest 
cpiantities  after  a  milk  diet,  and  in  smallest  quantities  after  a  purely  meat 
diet    This  gas  seems  to  be  formed  chiefly  in  the  butyric-acid  fermentation 
of  carix (hydrates,  although  it  may  occur  in  large  quantities  in  the  putre- 
faction of  proteitLs  under  certain  cLrcumstances.     There  Ls  no  doubt  that  the 
methylmercnptan  and    sulphuretted   hydrogen  which  occur  normally  in  the 
intestine  originate  from  the  proteids.      The  marsh-gas  undouhte<ily  orig- 
inates in  the  |)Utrefaction  of  proteids.    As  pnxjf  of  this  Ruge^  found  26,45 
per  cent  marsh-gas  in  the  human  intestine  after  a  meat  diet.     He  found  a 
still  greater  quantity  of  this  gas  after  a  vegetable  (leguminous)  diet;  this 

*  Ber,  d.  cl.  chem.  Ge^^dlsoh,  21,  1928. 

*  ^'ien.  Sitzungsber.,  44. 
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coincides  with  the  obsen^ation  that  marsh-gas  may  be  produced  by  a 
fermentation  of  carbohydrates,  but  especially  of  cellulose  (Tappeiner  *)* 
Such  an  origin  of  marsh-gas,  especially  in  herbivora,  is  to  be  expected. 
A  small  part  of  the  marsh-gas  and  carbon  dioxide  may  also  depend  on 
the  decomposition  of  lecithin  (Hasebroek  ^). 

Putrefaction  in  t!ie  intestine  not  only  depends  upon  the  composition  of 
the  food,  but  also  upon  the  albuminous  secretions  and  the  bile.  Among 
the  constituents  of  bile  whMi  are  changed  or  decomptjsed  there  are  not  only 
the  pigments — the  bilirubin  yields  umbilin  and  a  brown  pigment— but  also 
the  bile-acids,  especially  taurocholic  acid.  Glyeocholic  acid  Ls  more  stable^ 
and  a  part  is  found  unchangel  in  the  excrement  of  certain  animals,  while 
taunjcholic  acid  is  so  completcl}'  decomposed  that  it  is  entirely  absent  in 
the  ftpces.  In  the  fcetus,  on  the  contrar}^  in  whose  intestinal  tract  no  putre- 
faction processes  occur,  undecont posed  l)ile-acids  and  bile-pigments  are 
found  in  the  contents  of  the  intestine.  The  transformation  of  bilirubin  into 
urobilin  docs  not  occur,  as  previously  stated,  in  man  in  the  small  but  in  the 
large  intestine* 

That  the  secretioas  rich  in  proteids  are  destroyed  in  putrefaction  in  the 
intestine  follows  from  the  fact  that  putrefaction  may  also  continue  during 
complete  fasting.  From  the  observations  *)(  MrLLER/'upon  Cetti  it  was 
found  tiial  the  elimination  of  indican  during  star\^ation  rapidly  decreased 
and  after  the  third  day  of  starvation  it  had  entirely  disappeared,  while  the 
phenol  elimination,  which  at  first  decre:ised  so  that  it  was  nearly  minimum, 
intrejiscHl  again  from  the  fifth  day  of  starvation,  and  on  the  eighth  or  ninth 
day  it  was  three  to  seven  times  as  much  as  in  man  under  ordinary  circum- 
stances. In  dogs»  on  the  contrary,  the  elimination  of  indican  during 
star\'ation  is  considerable,  but  the  phenol  elimination  is  slight.  Among 
the  secretions  which  undergo  putrefaction  in  the  intestine,  the  pancreatic 
juice,  which  putrefies  most  readily,  takes  first  place. 

From  the  foregoing  facts  it  must  be  concluded  that  the  products  formed 
by  the  putrefaction  in  the  intestine  are  in  part  the  same  as  those  formed  in 
digestion.  The  putrefaction  may  be  of  benefit  to  the  organism  in  so  far  as 
the  formation  of  such  products  as  pn)teoses,  peptones,  and  perhaps  also 
certain  amino  acids  is  concerned.  The  question  has  indeed  been  asked 
(Pasteur),  is  digestion  possible  withitut  micn>organLsm-s?  Nuttal  and 
TniEKFELDER  have  shown  that  guinea-pigs  removed  from  the  uterus  of  the 
mother  by  Cirsarian  section  could  with  sterile  air  digest  well  and  assimilate 
sterile  food  (milk  or  crackers)  in  the  complete  absence  of  bacteria  in  the 
intestine,   and  grew  perfectly  normal  and  increased  in  weight.     ScnoT- 


»  Zcitsch,  f.  Biologic,  20  and  24. 
'  Zeitachr.  f.  physioL  Chem.,  12. 
■Berlin,  kliii.  Uoc-henschr.  1887. 
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TELTUS  *  has  arrived   at  other  results  by  experiments  \vith  hens, 
anirnal  was  hatrhed  under  sterile  conditions  and  was  kept  in  sterile  roon 
and  fetl  witii  sterile  food,  but  had  continuous  hunger  and  ate  abundant! 
but  soon  died  in  about  the  same  time  as  a  starving  aniiuaL    On  mixii 
with  the  food  at  the  proper  time  a  variety  of  bacteria  from  hen  faeces,  tie^ 
animals  gained  weight  again  and  recovered. 

The  bacterial  action  m  the  intestinal  canal  is,  at  least  in  certain  cases, 
necessary,  and  it  acts  in  the  interest  of  the  orgamsm.  This  actiun  iimy,  bjr 
the  fcinnaiion  of  further  eleavage  products,  be  a  loss  of  valuable  material 
to  the  organism,  and  it  is  therefore  important  that  initrefaeti<jn  iu  the 
intestine  is  kept  within  certain  limits.  If  an  animal  is  kDled  while  dige^ 
tion  m  the  intestine  is  going  on,  the  contents  of  the  small  intestine  give 
out  a  |n?;u!iar  but  not  putrescent  odor.  Also  the  odor  of  the  contents  of 
the  large  intestine  Is  far  less  offensive  than  a  putrefying  pancreas  iaMoft 
or  a  putrefying  mixture  rich  in  protcid.  From  tliis  one  may  conchidc  that 
putrefacti(»n  in  the  intestine  is  ordinarily  not  nearly  so  intense  as  outeide 
of  the  organism. 

It  seems   thus   to   be  provided,   under  physiological  conditions,  that 
putrefaction  shall  not  proceed  too  far,  and  the  factors  w^hich  here  come 
under  coiLsideration  are  probably  of  tUfferent  kinds.     Absorption  L*  iiu- 
duubtedly  one  of  the  most  important  of  them^  and  it  has  been  proved  by 
actual  oliservatinn  that  the  putrefaction  increases^  as  a  rule,  as  the  ab*w>rp* 
tion  is  checked  and  fluid  masses  accumulate  in  the  intestine.     The  character 
of  the  food  also  has  an  unmistakable  influence,  anJ  it  seems  as  if  a  large 
quantity  of  carbohydrates  in  the  food  acts  against  putrefaction  (Hiasn*- 
LER-).     It  has  been  shown  by  Pohl,  Hierxacki,  Rovighi,  WixTERNiTXr 
and  ScHMiTZ  and  others  ^  that  milk  and  kephir  have  a  specially  strong 
preventive  action  on  putrefactifjn.     This  action  is  not  due  to  the  casein* 
but  chiefly  to  the  lactose  and  also  in  part  to  the  lactic  acid. 

A  specially  strong  preventive  action  on  putrefaction  has  been  ascribed 
for  a  long  time  to  the  l>ile.  This  anti-putrid  action  drjes  not  exist  in  neutral 
or  faintly  alkaline  bile,  which  itself  easily  putrefies,  but  U)  the  free  bile- 
acids,  especially  taurocholic  acid  {M.4LY  and  Emich,  Linduerger  *).  There 
is  no  question  that  the  free  bik^acids  have  a  strfing  preventive  act  if  in  on 
jnitref action  outside  of  the  organism,  and  it  Ls  therefore  dilhcult  to  deny 
such  an  action  in  the  intestine*  Notwithstanding  this  the  anti-putri<l 
acti*m  of  the  bile  in  the  intestine  Ls  not  considered  bv  certain  invastigators 


'  Nuttal  and  Thierfelder,  Zeitschr,  f,  pliysuil  Cliuin  ,  21  ami  22;  i^chottelius,  Arch. 
{,  HygieDe,  Si  and  42, 

'  Ilinscliler,  Zeitschr.  f.  physioL  Chem.,  10;  Zlmnitzki^  ibid.^  S9  (literature). 

'  Schmitz,  ibid,,  17,  401,  which  gt%'es  references  to  the  older  literature,  and  lU.  See 
idao  Salkowski,  ContralbL  L  d.  med.  Wis«,,  1893,  4B7,  und  Seelig^  ^^irchow^s  Arch,  116 
fliterature). 

^Maly  and  Enuch,  Monatshefte  f.  Chem.,  4;  Liudberger,  foot-not^  3,  page  32S. 
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(VoiT,  RoHMANN,  HiRSCHLER  and  Terray,  Landauer  and  Rosenberg^ 
as  of  the  greatest  importance. 
Biliaty  fistuUfi  have  been  established  so  as  to  study  the  importance  of 
the  bile  in  digestion  (Schwann,  Blondlot,  Bidder  and  Schmidt,'  and 
others).  As  a  result  it  has  been  observed  that  with  fatty  foods  an  imper- 
feet  ateoqjtion  of  fat  regularly  takes  place  and  the  excrements  contain, 

therefore,  an  excess  of  fat  and  have  a  light-gray  or  pale  color.    The  extent 
of  deviation  from  the  normal  after  the  operation  is  essentially  dependent 
upon  the  character  of  the  food.     If  an  animal  is  fed  on  meat  and  fat,  then 
the  quantity  of  food  must  be  considerably  increased  after  the  operation, 
otherwise  the  animal  will  become  very  thin,  and  indeed  die  with  symptoms 
of  starvation.     In  these  cases  the  excrements  have  the  odor  of  carrion,  and 
this  was  considered  a  proof  of  the  action  of  the  bile  in  checking  putrefac- 
tion.   The  emaciation  and  the  increased  want  of  food  depend,  naturally, 
upon  the  imperfect  absorption  of  the  fats,  whose  high  calorific  value  is 
reduced  and  must  be  replaced  by  the  taking  up  of  larger  quantities  of  other 
nutritive  bodies.     If  the  quantity  of  proteids  and  fats  be  increased,  then 
the  latter,  which  can  be  only  very   incompletely  absorbed,  accumulate 
in  the  intestine.     This  accumulation  of  the  fats  in   the   intestine   only 
renders   the   action  of  the  digestive   juices   on   proteids   more   difficult, 
and  thus  increases   the   amount  of  putrefaction.     This  explains  the  ap- 
pearance of  fetid  faeces,  whose  pale  color  is   not  due  to  a  lack  of  bile- 
piginents,  but  to  a  surplus  of  fat  (Rohmann,  Voit).      If  the  animal  is, 
^n  the  contrary,  fed  on  meat  and  carbohydrates,   it  may  remain  quite 
normal,  and  the  leading  off  of  the  bile  does  not  cause  any  increased  putre- 
faction.     The   carbohydrates   may  be  uninterruptedly  absorbed  in  such 
lar^^e  quantities  that  they  replace  the  fat  of  the  food,  and  this  is  the  reason 
^hv  the  animal  on  such  a  diet  does  not  become  emaciated.     As  with  this 
diet  the  putrefaction  in  the  intestine  Ls  no  greater  than  under  normal  con- 
ditions even  though  the  bile  is  absent,  it  would  seem  that  the  bile  in  the 
intestine  exercises  no  preventive  action  on  putrefaction. 

To  this  conclusion  the  objection  may  be  made  that  the  carbohydrates, 
which  are  capable  of  checking  putrefaction,  can,  so  to  speak,  undertake 
the  anti-putrid  action  of  the  bile.  But  as  there  are  also  cases  (in  dogs 
with  biliar\'  fistula)  where  the  intestinal  putrefaction  is  not  increased  with 
exclusive  meat  diet,'  it  Ls  maintained  that  the  absence  of  bile  in  the  intes- 
tine, even  by  exclusive  car])ohydrate  food,  does  not  always  cause  an  in- 
creased putrefaction. 

*  Voit,  Beitr.  zur  Biologie,  Jubilaumschrift,  Stuttgart,  1882;  Rohmann,  Pfluger's 
Arch-,  29;  Hirechler  and  Terray,  Maly's  Jahresber.,  26;  Landauer,  Math.  u.  Xaturw. 
Ber.  aus  Ungam,  15;  Rosenberg,  Arch.  f.  (Anat.  u.)  Physiol.,  1901. 

'Schwann,  Miiller's  Arch.  f.  Anat.  u.  Physiol.,  1844;  Blondlot,  cited  from  Bidder 
and  Schmidt,  Verdauungssiifte,  etc.,  98. 

*  See  Hirschler  and  Terray,  1.  c. 
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Although  the  question  as  to  the  niarmer  in  wliich  the  putrefactive 
processes  in  the  intestine  under  physiological  conditions  are  kept  with 
certain  limits  cannot  be  aaswered  positively,  still  it  may  be  assert^ed  \L\ 
the  acid  reaction  of  the  upper  parts  of  the  int^^tine,  and  the  absorptijii  -f 
water  in  the  lower  parts,  are  imi)ortant  factors. 

That  the  acid  reaction  in  the  tntestmc  has  a  preventive  influence  on  u- 
putrefactive  processes  follows  from  the  existing  relation  l>etween  the  do:7ee 
of  acidity  of  the  gastric  juice  and  the  putrefaction  in  the  intestine.    M^r 
the  investigations  and  obscrvatinius  of  IdsT,  Stabelmax\%  WasbI'T^i^ 
BiERXACKi  and  ^^csTl■:R  ha<l  proved  that  an  increases!  putrefaction  in  the 
intestine  occurred  when  the  tiuantity  of  hydrochloric  acid  in  the  gastric  juice 
was  diminished  or  deficient,  Scrmitz  ^  has  lately  shown  in  man  thai  on 
the  administration  of  hydrochloric  acid»  producing  a  h^^ieracidity  of  i' 
gastric  juice,  the  fiutref action  in  the  intestine  may  )>e  checked*    The  nut's- 
tion  arises  whether  the  reaction  in  the  small  intestine  is  always  acid  nod 
whether  the  acidity  is  strong  enough  to  prevent  putrefaction.    In  thi* 
connection  it  must  he  recalled  thiit  the  contents  of  the  small  intestine  arenat 
acid  due  t€  hydrochloric  acid,  but  chiefly  to  organic  acids,  acid  salts,  and 
free  carbon  dioxide.     There  are  several  statements  as  to  the  reaction  *if  the 
intestinal  contents,  although  they  are  somewhat  contradictory,  by  Moow: 
and  Rock  WOOD,  Moore  and  Bergin,  Mattuks  and  MAHQUMtDSEX,  I.  Mlnk, 
Nkncki  and  Z.u.esky,  Hemmetek,'    From  these  statements  one  can  con- 
clude that  the  reaction  may  vary  not  only  among  difTerent  animals  but 
also  in  the  same  animals  under  dififerent  conditions.     There  is  no  iloubt 
that  the  acid  reaction  in  many  cases  is  due  to  the  presence  of  organic  aculs- 
On  testing  with  varicjus  indicat^jrs  it  has  been  shown  that  sf>inetinie*  the 
upper  part,  and  often  the  lower  parts,  are  acid  thie  to  acid  salts  such  ag 
NaHCt^a  *^^fl  f^^  ^^\»i  ^^^^  finally  that  in  certain  animals  the  intestinal  coo- 
tents  are  alkaline  throughout.     The  ciuestion  how,  umler  these  ondi lions, 
putrefaction  is  excluded,  cannot  be  explained.     It  is  possible,  as  BiKN- 
STOCK  '  admits,  that  the  explanation  lies  in  an  antagonistic  bacterial  actif»a 
and  that  the  carljoh^'drates,  especially  lactose,  which  retard  putrefactioHi 
form  a  good  nutritive  media  for  those  bacteria  which  destroy  the  putre- 
factive producers  or  retard  their  development. 

Excrements.  It  is  evident  that  the  residue  which  remains  after  com- 
plete digestion  and  absorption  in  the  intesine  must  be  different,  both 
qualitatively  and  quantitatively,  according  to  the  variety  and  quantity  of 


*  Zeitschr.  f.  physiol.  Chem.,  lU,  401,  which  includes  all  the  pertinent  literature, 
'Moore  and  Rockwood,  Jonm.  of  Phyjsiol.,  21;   Moore  and  Bergin,  Amor.  Joum* 
of  PhyaioL,  3;   Matthes  and  Murquard:si?ii»  Maly's  Jahresber.»  28;  Monk,  Centndht  L 
Physiol,  Ifi;  Nencki  and  Zalesky,  Zotschr.  f.  physiol  Chem.,  27;  Hemroeter«  PBuger's 
Arek.  SI. 

'  Arch.  f.  Hygiene,  St. 
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the  food.  In  man  the  quantity  of  excrement  from  a  mixed  diet  is  120-150 
gmms,  with  30-37  grams  of  solids,  per  twenty-four  hours,  while  the  quantity 
from  a  vegetable  diet,  according  to  Voit,*  was  333  grams,  with  75  grams 
(rf  solids.  With  a  strictly  meat  diet  the  excrements  are  scanty,  pitch-like, 
and  colored  nearly  black.  The  scanty  excrements  in  starvation  have  a 
similar  appearance.  A  large  quantity  of  coarse  bread  yields  a  great  amount 
of  lightrcolored  excrement.  If  there  is  a  large  proportion  of  fat,  it  takes  a 
lighter,  clay-like  appearance.  The  decomposition  products  of  the  bile-pig- 
ments seem  to  play  only  a  small  part  in  the  normal  color  of  the  faeces. 

The  constituents  of  the  faces  are  of  different  kinds.  In  the  excrements 
are  found  digestible  or  absorbable  constituents  of  the  food,  such  as  muscle 
fibres,  connective  tissues,  lumps  of  casein,  grains  of  starch,  and  fat,  which 
have  not  had  sufficient  tune  to  be  completely  digested  or  absorbed  in  the 
intestinal  tract.  In  addition  the  excrements  contain  indigestible  bodies, 
such  as  the  remains  of  plants,  keratin  substances,  and  others;  also  form-ele- 
ments originating  from  the  mucous  coat  and  the  glands;  constituents  of 
the  different  secretions,  such  as  mucin,  cholic  acid,  dyslysin,  and  cholesterin 
(koprosterin  or  stercorin),  purin  bases,  and  enzymes;  mineral  bodies  of 
the  food  and  the  secretions ;  and,  lastly,  products  of  putrefaction  or  of  the 
digestion,  such  as  skatol,  indol,  volatile  fatty  acids,  purin  bases,  lime,  and 
magnesia  soaps.  Occasionally,  also,  parasites  of  different  kinds  occur;  and 
lastly,  the  excrements  contain  micro-organisms  of  various  species. 

That  the  mucous  membrane  of  the  intestine  by  its  secretion  and  by 
the  abundant  quantity  of  detached  epithelium  contributes  essentially  to 
the  formation  of  excrement  follows  from  the  discovery  first  made  by 
L.  Hermann  and  substantiated  by  others,'  that  a  clean,  isolated  loop  of 
intestine  collects  material  similar  tc>  fjeces.  Human  fieces  seem  to  consist 
in  greater  part  of  intestinal  secretion  and  only  in  a  smaller  part  of  residue 
from  food  on  a  meat  or  milk  diet.  Many  foods*  produce  a  large  quantity 
of  faeces  chiefly  by  causing  an  abundant  secretion.' 

The  reaction  of  the  excrements  is  very  variable,  but  in  man  with  a 
mLxed  diet  it  is  neutral  or  faintly  alkaline.  It  is  often  acid  in  the  inner 
part,  while  the  outer  layers  in  contact  with  the  mucous  coat  have  an  alka- 
line reaction.  In  nursing  infants  it  is  habitually  acid.  The  odor  is  perhaj)s 
chiefly  due  to  skatol,  which  was  first  found  in  the  excrements  by  Brieger, 
and  so  named  by  him.     Indol  and  other  substances  also  take  part  in  the 

»  2^it8chr.  f.  Biologic,  25,  264. 

*  Herraaim,  Pfliiger's  Arch.,  46.  See  also  Ehrenthal,  ibid.,  48;  Berenstein,  ibid., 
53;  Klecki,  Centralbl.  f.  Physiol.,  7,  730,  and  F.  Voit,  Zeitschr.  f.  Biologic,  29;  v. 
Moraczewski,  Zeitschr.  f.  physiol.  Chem.,  25. 

•  In  regard  to  the  constitution  of  fieces  with  various  foods  see  Hainmcrl,  Kermauner, 
Moeller,  and  Frausnitz,  Zeitschr.  f.  Biologic,  35,  and  Poda,  Micko,  Prausnitz  and 
Mimer.t2nd.39. 
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production  of  otior.  The  color  is  ordinarily  light  or  dark  brown,  aoi 
depends  above  all  npon  the  nature  of  the  food.  Medicinal  Wdies  m&f 
give  the  fteces  an  abnormal  color.  The  excrements  are  colored  black  bf 
bismuth,  yellow  by  rhubarb,  and  green  by  calomel.  This  last-mentioned 
color  W21S  formerly  accoimted  for  by  tlie  formation  of  a  little  mercmy 
sulphide,  but  now  it  Is  .said  that  calomel  cherlcs  the  putrefaction  and  the 
decc^raposition  of  the  bile-pigments^  so  that  a  part  of  the  bile-pigmeiitB 
passes  into  the  fiBces  as  bili%'erdin,  Acco riling  to  Lesage  a  green  color 
of  the  excrements  in  cliildren  is  caiLsed  partly  by  biliverdin  and  partly  by 
a  pigment  produced  from  a  baeilkis.  In  the  yolk-yellow  or  greenish-yellow 
excrements  of  nursing  infants  one  can  detect  bilirubin.  Neither  bilinibin 
nor  biliverdin  seems  to  exist  in  the  excrements  of  mature  j^ersons  under 
normal  conditions.  ih\  the  contrar}%  there  is  found  stercobilin  (Masius 
and  Vani^^ir),  which  is  identical  \ai\\  urobilin  (Jaff6  *).  Bilirubin  nmy 
occur  in  pathological  cases  in  the  fa^ce-s  of  mature  persons.  It  has  been 
observetl  in  a  crystallized  state  (as  liiemat-oidin)  in  the  fsece^  of  ehildren 
as  well  as  of  grown  persons. 

The  alisence  of  bile  (acholic  faeces)  causes  the  excrements  to  have,  M 
above  st-ited,  a  gray  color,  due  to  large  quantities  of  fat;  this  may,  however, 
be  partly  attributed  to  the  absei^ee  of  bile-pigments.  In  these  cases  a  Urgo 
qTiantity  of  crystals  has  been  observed  which  consist  chiefly  of  magnesium 
soaps  nr  siwlium  soaps.  Hemorrhage  in  the  upper  parts  of  the  digestive 
tract  yields,  when  it  is  not  very  abundant,  a  dark-bruwii  ejterement.  due 
t^*  h;ematin. 

ExcRETiN,  so  named  by  Marcet,'  is  a  crystalline  body  occurring  in  buTniin 
excrement  J  but  which,  according  to  H<ippe-Se\lkr.  is  |>erhaps  only  imfiure 
cholestcrio  dvoprosteriii  or  stcrcorin?).  Kxcretouc  acid  is  the  name  given 
by  Marcet  to  an  oih'  body  with  an  excrementitious  odor. 

In  consideration  of  the  very  variable  composition  of  excrements  their 
quantitative  analyses  are  of  little  value  and  therefore  will  be  omittetl.* 

Meconium  Ls  a  dark  brownish-green,  pitchy,  mostly  acid  nmss  without 
any  strong  odor.  It  contains  grr'enLsh-colored  epithelium  cells,  cell-detritus, 
numerous  fat-globules,  and  cholesterin  plates.  The  amount  of  water 
is  72(>-S<X),  and  sohds,  20O-2S0  p.  m.  Among  the  solids  there  exists  mucin, 
l>n(>plgments,  and  bile-acids,  cholesterin,  fat,  soaps,  traces  of  enz}'m^, 
calcium  and  magnesium  phosphates.  Sugar  and  lactic  acid,  soluble 
proteid  bodies  and  peptones,  also  leucin  and  tymsin  and  the  other  pro-  | 
ducts  of  putrefaction  occurring  in  the   intestine,  are   absent.     Meconium 

*  See  bile  pignietits,  Cliapter  VII I,  and  urobilin,  Chapter  XV. 
'  Annal.  de  Chiin,  et  de  phys.,  5ft. 

*  In  regard  to  those  nnalyses  as  weR  as  under  abnormal  conditiofis  and  th^ 
ture,  see  Ad,  Schmidt  find  J.  Strassburger,  Die  Fipoes  des  Menschen,  etc. 
1901  and  1902. 
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Qay  contain  undecomix)sed  taurocholic  acid,  bilirubin  and  biliverdm,  but 
it  does  not  contain  any  stercobilin,  which  is  considered  as  proof  of  the 
non*existence  of  putrefactive  p  oce  ses  in  the  digestive  tract  of  the  foetus* 

In  medico-legal  cases  it  is  sometimes  necessary  to  decide  whether  spots 
on  Unen  nr  other  substances  are  causetl  by  meconiom.  In  such  cases  the 
following  conditions  exii?t:  Tlie  spot  caused  by  meconium  has  a  brown- 
ish-green color  and  can  be  easily  sejiarattHl  from  the  luaterial  because,  on 
account  of  the  ro[)y  property  of  the  meconiuoi,  it  is  ditiicult  to  wet  through. 
When  moistened  with  water  it  dues  not  develop  any  special  odor,  but  on 
warming  with  dilute  sulj^hurie  acid  it  smells  somewhat  fetid.  It  forms 
with  water  a  slimy,  greeiiLsh-yellow  liquitl  containing  brown  flakes.  The 
solution  gives  with  an  excess  of  acetic  acid  an  insohible  precipitate  of 
mucin;  on  boiling  it  does  not  coagulate.  The  filtered,  watery'  extract 
res|M>nds  to  Gmklin's^  but  still  better  to  Huppert's  reaction  for  bile-pig- 
nieiits.  The  liquid  precipitated  by  an  excess  of  milk  of  lime  gives  a  nearly 
colorless  filtrate,  which  after  concentration  shows  FKn  kxkofer's  reaction. 

The  contend  oj  the  intestine  under  abnormal  eorulition^  are  perhaps  le^H  the 
snjbje(^t  of  ebemiral  analysis  than  of  an  inspection  and  mitToscopiral  investiga- 
tion or  hapteriologieal  examination.  On  this  account  the  question  as  to  the 
p»rof>crtieg  of  the  eon  teats  of  the  intestine  in  di  tie  rent  diseases  cannot  be  thor- 
oughly treated  here.^ 

Appendix. 

miESTmAL  COWCREMENTS. 

Calculi  occur  ver>"  seldom  in  human  intestine  or  in  the  intestine  of 
camivora,  but  they  are  quite  common  in  herbivora.  Foreign  bodies  or 
I  undigested  residues  of  food  may,  when  for  some  reason  or  other  they  are 
retained  in  the  intestine  for  some  time,  become  incrust^d  vrith  salts,  espe- 
cially ammonium-magnc:r?ium  phosphate  (»r  magnesium  phosphate,  and 
these  salts  form  usually  the  chief  eonstituent  of  the  concrements.     In  man 

rithey  are  sometime^s  oval  or  rotmd,  yellow,  yellowish  gra\',  or  brownish  gray, 
of  variable  size,  coasLstin^  of  concentric  layers  and  containing  chiefly 
ammonium-magnesium  phosphate,  calcium  phosphate,  besides  a  small  quan- 
tity of  fat  or  pigment.  The  nucleus  ordinarily  consists  of  some  foreign 
body,  such  as  the  stone  of  a  fruit,  a  fragment  of  bone,  or  something  similar. 
In  those  countries  where  bread  made  from  oat-bran  Is  an  important  food^ 
^Kwe  often  find  in  the  large  intestine  balls  similar  to  the  so-called  hair-balls 
^H(  ee  below).  Such  calculi  contain  calcium  and  magnesium  phosphate 
^■[about  70  per  cent),  oat-bran  (15-18  per  cent),  soaps  and  fat  (about  10 
^^per  cent).  Concretions  which  contain  ver\^  much  (about  74  per  cent)  fat 
seldom  occur,  and  those  consisting  of  fibrin  clots,  sinew^s,  or  pieces  of  meat 
incrusted  with  phosphates  are  also  rare. 

Intestinal  calcidi  often  occur  in  animalB,  especially  in  horses  fed  on 
bran.     These  calculi,  which  attain  a  very  large  size,  are  hard  and  heax'y 
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(as  much  as  S  kilos)  and  consist  in  great  part  of  concentric  layers  of  ammo-J 
nium-magne^iura  phosjihate.     Another  variety  of  concrements  which  (ktu 
in  horses  and  cuttle  ctjiisL^ts  ot  gruyn'olored,  often  very  large,  btit  relative 
light  .stones  which  cnntain  plant  residues  and  earthy  phosphates.    Sti 
of  a  third  variety  are  sometimes  cyhjidrcal,  sometimes  sphet-cal,  smootl 
shining,  brownish  on  the  surface,  consisting  of  matted  hairs  and  plantri 
fibres,  and  termed  huir-balls.     The  so-called  '*.«gagropilae,"  wJLchpfob-' 
ably  ori^duate  frum  the  axtilofus  rupicapra,  l>elong  to  A\h  group,  aod 
are  generally  considered  as  nothing  else  than  the  hair-bails  uf  cattle. 

The  so-called  oriental  bezoar-sione  belongs  also  to  the  intestinal  concifr 
ments,  and  probably  originates  from  the  intestinal  tract  of  the  capba 
.*:r;A(iEi;s  and  AXTiLorE  noiiCAS,     There  may  exist  two  varieties  of  ln7<w- 
stones.    One  is  olive-green,  faintl^^  shining  and  formed  of  concentric  lavm. 
On  heating  it  melts  with  the  development  of  an  aromatic  odor.    It  coQ- 
tains  as  chief  constituent  LiTHdFKLLic  ACin^  ^'zu^W  ^'  which  is  related  to 
cholic  acid,  and  besides  this  a  l>ile-acid,  hthoiulic  acid*    The  others  m 
nearly  blackisli  browni  or  dark  green,  ver>'  glossy,  consisting  of  concentric 
layers,  and  do  not  melt  on  heating.     They  contain  as  chief  constitueBt 
ELLAGic  ACID,  a  derivative  of  gallic  acid,  of  the  formula  C,^H<iOj,  which, 
according  to  Graebe/ is  the  diUictone  of  hexaoxybiphenyldi carbonic  afii 
and  which  gives  a  tleep-blue  color  with  an  alciihoUc  solution  of  ferric  chio* 
ride.    This   last-mentioned  bezoar-stone  originates,   to   all   appearances, 
from  the  food  of  the  animal. 

Amherf/ris  \^  generally  considered  an  intestinal  concrement  of  the  sperm* 
whale.  Iti*  ehief  ron^tilueiit  Is  amiul^in,  whirh  is  a  non-nitrogenous  substance 
perhafis  rolatofi  to  rliolesteriii,  Ambrain  is  insohible  in  water  and  is  not  ehaoged 
by  tx>iliug  alkalies.     It  dissolves  in  alcohol,  cther»  and  oils. 

VI*  Alisor|itiuii*  i 

The  problem  of  digestion  consists  in  part  in  separating  the  valuable  con- 
stituents of  the  fofid  from  the  useless  ones  and  dissohong  or  transforming 
them  into  foroLS  which  are  necessary  in  the  processes  of  absorption.  In 
discussing  the  absorption  processes  we  must  treat  of  the  form  into  which 
the  tliflferent  foods  are  transformed  before  alisorptifin,  of  the  manner  in 
which  this  is  accunipllslied,  and,  lastly,  of  the  forces  which  act  in  the 
processes. 

Proteids  may  not  only  be  absorbed  from  the  intestine  as  proteoses  an3 
peptones,  but  also,  as  shown  by  the  earlier  investigations  of  Bri: cke,  Bacer 
and  Voir,  Eichhorst,  Czerny  and  Latschenberger,  and  recently  by 
VoiT  and  Feiedlander,'  as  non-peptonized  proteid.     In  the  researches 

>  Ber.  d.  d.  chem.  Gwellach.,  36. 

•  Brucke,  Wien.  Sitzungsber.,  59;    Bauer  and  Voit,  Zeitechr.  f*  Biologie,  5;   Eich- 

oret,  Pfluger'8  Arch.,  4;  C«emy  and  Latj*cbenberger»  Vircbow's  Arck,  5&;  Volt  And 

Priedliinder.  Zeitschr.  f,  Biologie,  33. 
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of  the  two  last-mentioned  investigators  neither  casein  (as  milk)  nor  hydro- 
ch'orie-a<'id  myosin,  nor  acid  albuminate  (in  acid  solution)  was  absorbed, 
while,  on  the  contrary,  about  21  per  cent  of  ovalbumin  or  seralbumin  and 
G9  per  cent  of  alkali  alljuunnate  (di??!?olved  in  alkali)  were  absorbed.  Th(? 
proteids  (»f  the  tliymus  ^land  {nucle<»prot>eids)  are,  according  toMocHtzuKi.* 
absorbed  well  after  intmiluction  into  the  rectum.  Under  these  conditions 
the  quej;tion  arises,  To  what  extent  are  the  proteitls  ab^orbetl  as  peptone  or 
proteoses  or  in  other  forms? 

This  question  carniot  be  decisively  answered.  The  obser\^ations  made 
by  various  investigators,  ScHAtiDT-MrLHEiM  (on  dogs),  Ellenberger  and 
HoFMEi^TER  (on  pigs),  EwALD  and  (luMLicH  (tm  man),  as  is  to  be  expected^ 
are  contradicUtn\  A  part  of  the  digested  products  arc  absorbed  in  the 
stomach,  in  which  organ,  accortling  to  ScHMiDT-Mt'LHELM,  the  alisorpiion 
and  digestion  mn  parallel  and  the  tUssnlved  products  leave  the  st^imach 
more  or  less  rapidly  and  pass  into  the  intestine,  where  they  arc  exposed  to 
a  further  cleavage.  Acconling  to  the  recent  in^'estigatio^8  of  E,  Zrxz  and 
Reach  *  chiefly  proteoses  and  little  of  the  further-removed  digestive  prod- 
ucts are  formed  in  the  stomach  of  the  dttg.  Theiie  last  product*^  are  more 
readily  absorbed  than  the  proteoses  and  for  this  reason  the  chief  quantity 
of  dissolved  proteids  in  the  stomach  consists  of  proteoses. 

In  what  way  are  the  proteoses  and  peptones  absorbed,  and  how  are  they 
conveyed  to  the  tissues?  Tlie  generally  accepteil  view  is  that  they  do  not 
pass  into  the  blood  through  the  lymphatics,  but  through  the  intestinal 
epithelium,  and  this  view  is  based  essentialh'  on  the  two  fullo wing  conditions. 
On  completely  Isolating  the  chyle  from  the  blood  circulation,  the  proteid 
absorption  from  the  intestine  is  not  impaired  (Luivwig  and  8ch mi dt- 
Mulheim);  and  on  a  diet  rich  in  proteid  the  quantity  thereof  in  the  chyle 
(in  man)  was  not  noticeably  increased  (Muxk  and  Rosexsteix)*  Asher 
and  Barbi^ra  '  have  recently,  it  Is  true,  shown  in  experiment-  on  a  dog 
that  the  quantity  of  proteid  in  the  lymph  was  a  little  increa*sed  after  par- 
taking of  an  abundance  of  proteid.  This  expeiiment  does  not  disprove  the 
assertion  of  Munk.  that  the  I >lootl- vessels  form  nearly  the  exclusive  exit  of 
the  pnjteids  from  the  intestinal  tract. 

After  a  diet  rich  in  proteids  neither  pmtooses  nor  peptone  are  found 
in  the  blood  or  the  chyle.     Nor  are  they  present  in  the  urine;   and  the 


*  Ma1y*9  Jahresber,  31 «  517.  In  regard  to  the  absorption  of  gelatine  in  the  intes- 
tine see  Reach,  Pfl liter's  Arch.,  SVk 

'  Schmidt- Mulhfim,  Du  floi s-Uey men d  *s  Arch.,  1879;  Ellenberger  and  Ifofraelater, 
ibid,,  1890;  Ewald  and  Gumlicb,  Berlin,  klin.  Wochenschr. ,  1890;  E.  Zmuz,  Hot- 
meistcr'a  Beitruge,  3;  Reach,  ihid,,  5. 

*  Sehmidt-Mulheim,  Du  Ekiis-Heynnond's  Arch.*  1877;  Mirnk  and  HosensteiOi  Vir* 
chow*8  Arch.,  123;  Asher  and  llttrh<''m,  Centnilbl  f.  Physiol,  11,  4a3;  Munk,  thid.^ 
11,  585»     See  also  Mendel,  Amer.  Joum.  PhyaioL,  2. 
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absence  of  these  bodies  in  the  b!ood  after  digestion  cannot  be  explained  b^ 
the  statement  that  the}^  like  the  proteoses  (peptone)  iiiJ3cted  i^tjWiime 
ou^ly  or  rlirectly  into  the  l>lDi>d,  are  quickly  eliminated  through  the  kidneys 
(Plosz  and  Gyergyai,  Hofmeister,  Schmidt-Mulheim  *).     It  might  be 
supposed  that  the  proteoses  (peptone)  formed  in  digestion  are  retained  by 
the  liver,  and  that  this  Is  the  rea^^on  why  they  are  myi  found  in  the  blixxL 
This  explanation  does  not  seem  to  be  sufficient,     Xeumeister  has  inve** 
tigated  the  portal  blootl  t>f  ndibits  in  whose  stomaclts  large  quantities  of 
proteoses  and  peptone  had  been  mtroduced,  without  finding  traces  of  the 
body  in  question.     He  has  also  showTi  that  when  the  liver  of  a  dog  is  sup- 
plied Avith  the  portal-blood  to  which  peptone  is  added  (ampho-|>eptone),thi3 
is  not  retained  by  the  liver.     Shore  has  arrived  at  similar  results  in  regard 
to  the  importance  of  the  liver,  and  has  also  shown  that  the  spleen  cannot 
transfonn  peptone.     Peptfuio  seems  to  pass  neither  into  the  blood  nor  the 
chylous  vessels,  and  the  following  obsen-ation  iif  Ludwig  and  Salmou' 
bears  out  this  assumption.     Thase  investigators  introduced  a  peptone  solu- 
tion  into  a  double-ligatured,  isolated  piece  of  the  small  inte-stine,  which 
was  kept  alive  by  passing  defibriimted  bloud  through  it,  and  observed  that 
the  })eptone  disappcaretl  from  the  intestine,  but  that  the  blood  passing 
through  did  not  contain  any  peptone. 

It  must  be  remarked  in  connection  with  this  view  that,  according  to 
Embbex  and  Knoop,^  proteoses  sometimes  occur  in  the  blood  of  dogs, 
althfRigh  thus  far  no  connection  has  been  detected  between  their  occurrenie 
and  the  absorption  of  proteid  in  the  intestine.  This  occurrence  of  pn>- 
teoses  in  the  blood  is  not  contradictory  to  the  view  that  the  chief  quantity 
of  proteoses  does  not  pass  from  the  intestine  into  the  blood  as  such. 

Many  cjbservatioiis  indicate  that  the  proteoses  and  peptone  are  trans- 
fomieil  in  some  way  in  the  intestine  or  intestinal  wall,  and  a  retransforma- 
lion  of  proteoses  into  proteid  is  considered  as  the  most  plausible. 

Certain  investigators,  such  as  v.  Ott,  Nadine  Popoff,  and  JtruA 
Brixck/  are  of  the  opinion  that  the  proteoses  and  peptone  of  gastric 
digestion  are  transformed  into  seralbumin  before  they  pass  into  the  walls  of 
the  dii:;estive  tract.  This  transformation  is  brought  about  by  means  of  the 
epithelium  cells,  as  also  by  the  living  activity'  of  a  fungus  calletl  by  Julia 
Bkinck  rnicrocoams  restUuens.  No  positive  i^roofs  have  been  presented  to 
support  this  view. 

*  Pl6s2  and  Gyergyai,  Pfluger's  Arch.,  10;  Hofmeister,  Zeitachr.  f,  physiol.  Cbem.» 
S;  Schtnidt-Mulheim,  E>u  Rois-Reymond's  Arch.,  1880. 

'  Neiimeister,  SitzungsLier.  d.  phys.-rnt'd.  Gasellsch,  ku  Wurzbu!^,  ISSt),  and  Zeltschr. 
f.  IViolo^e.  24;  Shore,  Joum.  of  Physiol.,  11;  Siilvioli,  Du  Bois-Reymond's  Arch.,  1880, 
Sup[>l. 

^  Ilofineister's  Beitriige,  3. 

*  v.  Ott,  Dii  Boia-Reymond's  Arch..  1SS3;  Popoff,  Zeitsdir.  f.  Biologie.  2S;  Brinck, 
ibid.,  453, 
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The  view  that  the  transfo  mation  of  the  proteoses  and  peptone  takes 
place  after  they  have  been  taken  up  by  the  mucous  membrane  has  better 
foundation.  The  observations  of  Hofmeister/  according  to  whom  the 
vails  of  the  stomach  and  the  intestine  are  the  only  parts  of  the  body  in 
which  proteoses  (peptone)  occur  constantly  during  digestion,  and  also 
that  proteoses  (peptone)  at  the  temperature  of  the  body  after  a  time  dis- 
appeared from  the  excised  but  apparently  still  living  mucous  coat  cf  the 
stomach,  confirm  this. 

This  disappearance  of  proteoses  is  considered  by  Hofmeister  as  a 
transformation  into  ordinary  proteid.  For  such  a  transformation  of  pro- 
teoses in  the  mucosa  of  the  stomach,  Glaessxer  '  has  suggested  new  ex- 
perimental evidence,  while  the  Hofmeister  school  (Embden  and  Kxoop) 
consider  the  r^eneration  of  peptone  into  coagulable  proteid  in  the  intes- 
tine as  not  proven. 

According  to  Hofmeister  the  leucocytes,  which  are  increased  during 
digestion,  play  an  important  part  in  the  transformation  of  the  proteoses 
and  peptones.  They  may  take  up  the  proteoses  (peptone)  and  be  the 
means  of  transporting  them  to  the  blood,  and  secondly  by  their  growth, 
regeneration,  and  increase  may  stand  in  close  relationship  to  the  trans- 
fonnation  and  assimilation  of  the  bodies.  Heidenhaix,  who  considers  that 
the  transformation  of  peptone  into  proteid  in  the  mucous  membrane  is 
positively  settled,  does  not  attribute  so  great  an  importance  to  the  leuco- 
cytes m  the  absorption  of  the  peptones,  chiefly  on  the  ground  of  compara- 
tive estimation  of  the  quantity  of  absorbed  peptones  and  leucocytes.  He 
considers  it  as  more  probable  that  the  reconversion  of  the  peptones  into 
pit)teid  takes  place  in  the  epithelium  layers.  This  view  is  further  corrobo- 
rated by  the  investigations  of  Shore.' 

On  account  of  the  discover^'  of  erepsin  by  Cohxheim  the  theory-  as  to 
the  absorption  of  proteids  has  taken  another  direction.     There  seems  to 
be  a  tendency  to  lean  towards  the  view  that  the  proteoses  and  peptones 
are  split  in  the  intestine,  or  in  the  intestinal  mucosa,  into  simpler  bodies 
which  do  not  give  the  biuret  test  and  from  which  the  proteids  are  regen- 
erated.    The  question  whether  the  active  agents  arc  erepsin  (Cohxheim) 
or  tr}^psin  (Seemaxx  and  Kutscher)  ls  only  of  secondary  importance,  as 
both  of  these  enzymes  split  the  proteoses  and  poptr)ncs  alike.     According 
to  Embden  and  Kxoop  *  the  intestinal  wall  when  perfectly  free  from  try])sin 
cannot  cause  the  disappearance  of  bodies  giving  the  biuret  tost. 

According  to  the  investigations  of  the  Hofmeister  school  on  pepsin  diges- 

*  Zeitschr.  f.  physiol.  Chem.,  6,  and  Arch.  f.  exp.  Path.  u.  Pharm.,  19,  20,  and  22. 
'  Hofmeister 's  Beitrage,  1. 
'Heidenhain,  Pfliiger's  Arch.,  43;  Shore,  1.  c. 

*0.  Cohnheim,  Zeitschr.  f.  physiol.  Chem.,  33,  3o,  36;  Kutscher  and  Seeinann,  ibid., 
tit  35;  Embden  and  Knoop.  1.  c. 
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tion^  and  of  Fischer  and  Abderhalden  on  tr>^sin  digestion  (see  Chapter 
the  disappearance  of  the  liiuret  test  does  not  indicate  a  cleavage  of 
proteids  into  amino-acids,  since  peptoids  or  pol}'pep tides  occur;  consequi 
it  k  for  the  present  not  possible  to  say  to  what  extent  the  prcleids 
broken  dcnm  in  tlie  intestinal  canal,  and  how  far  the  proteids  are  abso 
as  proteoses  or  peptones  or  as  simpler  products.     Although  thexe  are  tl 
feeding  experiments  of  Loewi  '  with  the  products  of  the  auto-dig^tioD  of 
the  pancreas,  one  cannot  say  anything  definite  as  to  the  supposej  proteid 
syiitheiiis  from  the  absorbable  products  (those  not  giving  the  biuret  test)  of 
the  proteid  cleavage  in  the  intestinal  canal.     It  must  not  be  forgotten  that 
acconling  to  Nencki  and  Zaleski  ^  large  amounts  of  ammonia  rire  formed 
from  the  cleavage  products  L>f  the  pmteids  in  the  intestinal  tract  during 
.digestion. 

The  extent  uf  the  proteid  absorption  Ls  dependent  essentially  upon  the 
liind  of  food  introduced,  since  as  a  mle  the  protein  subst::nees  from  m 
iinimal  source  are  much  more  completely  absorbed  than  from  a  vegeiabte 
,6ource.     Ab  proof  of  this  the  following  obsen^atioas  are  given:   In  his  experi-' 
ments  on  the  utilization  of  certain  fLH>ds  in  the  intestinal  canal  of  man  Rub- 
neb  found  that  with  an  altogether  animal  diet,  on  partaking  of  an  average 
.of  73S-884  gmms  of  frie<l  meat  or  948  grams  of  eggs  per  tla}',  the  nitnigen    M 
deficit  with  the  excrement  was  only  2.;>-2.S  per  cent  of  the  total  introduced    m 
nitrogen.     With  a  strict  milk  diet  the  results  were  somewhat  unfavorable, 
^eince  after  partaking  i^f  4100  grams  of  mUk  the  nitrogen  deficit  increased 
to  12  per  cent.    The  conditions  are  quite  different  with  vegetable  food,  as 
shown  by  the  experiments  of  Meyer,  Rubxer,  Hultgren  and  Lander-  fl 
CiREN.  who  made  experiments  with  various  kinds  of  rye  bread  and  found  that 
the  loss  of  nitrtr>gen  through  tite  faeces  amounted  t-o  22 -4S  per  cent.     Ex- 
periments with  other  vegetable  foods,  and  also  the  investigations  of  ScTirrs- 
TEU,  Cii-VMER,  i^lEiXERT,  MoHi,*  and  Others  on  the  utiKzation  of  f(x>ds  with 
mixed  diets^  have  led  tu  similar  results.     With  the  exception  of  rice,  wheat 
bread,  and  certain  ver>'  finely  divided  vegetable  foods,  it  is  found  in  general 
that  the  nitrogen  deficit  by  the  fieces  increases  with  a  larger  quantity  of 
vegetable  material  in  the  food. 

The  reason  for  this  is  manifold.  The  large  quantity  of  cellulose  f  requejitly 
present  in  vegetable  foods  impedes  the  absort>tiou  of  proteids.  The  greater 
irritation  produced  by  the  vegetable  fuo*l  itself  or  b}'  the  organic  acids 


*  Lu*?vvi,  Arch.  f.  exp.  Path.  u.  Phann.,  48.  See  ako  Henderson  and  Dean»  Amer. 
Journ.  of  Physiol.,  9. 

*  Arch.  d.  scienc,  bioL  de  St.  PiStersbourg,  4 ;  SaUiskin,  Zeitschr.  f .  ph^^sioL  Chem., 
S5;  Xencki  and  Zaleskl,  Arch,  f.  exp.  Path,  u.  Pbnm\.,  117. 

'  Rubner,  Zeitechr.  f.  Biologic^  15;  Meyer,  ibUL,  7;  Ilultgren  and  Landergren, 
TJord,  med.  Arch,,  21;  Schuster,  in  Voit'd  ' * I'ntersuch,  d,  Koat/'  etc.,  142;  Cranier. 
Zeitschr  f,  physiol  Cbi^m.,  0;  Meinert,  'Teber  Massenniihrung/'  BerliHt  18So;  Kell- 
jiei  aiid  Mori,  Zeitachr  f,  niyla-x'rj,  2't 
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formed  in  the  fermentation  in  the  intestinal  canal  causes  a  more  violent 
peristalsis,  which  drives  the  contents  of  the  intestine  faster  than  otherwise 
along  the  intestinal  canal.  Another  and  most  important  reascflri  is  the 
fact  that  a  part  of  the  vegetable  protein  substances  seems  to  be  indi- 
gestible. 

In  speaking  of  the  functions  of  the  stomach  we  stated  that  after  the 
removal  or  excision  of  this  organ  an  abundant  digestion  and  absorption  of 
protelds  may  take  place.  It  is  therefore  of  interest  to  learn  how  the  diges- 
tion and  absorption  of  proteids  go  on  after  the  extirpation  of  the  second 
proteid-digesting  organ,  the  pancreas.  In  this  connection  there  are  t^e 
obsen^ations  on  animals  after  complete  or  partial  extirpation  of  the  gland 
by  Minkowski  and  Abelmann,  Sandmeyer,  v.  Harley,  after  destroying 
the  gland  by  Rosenberg,  and  also  in  man  after  closing  the  pancreatic  duct 
by  Harley,  Deucher.*  In  all  these  different  cases  such  discrepant  figures 
have  been  obtained  for  the  utilization  of  the  proteids — between  80  per 
cent  after  the  apparently  complete  exclusion  of  pancreatic  juice  in  man 
(Deucher)  and  18  per  cent  after  extirpation  of  the  gland  in  dogs 
(Harley) — that  one  can  hardly  draw  any  clear  conception  as  to  the  extent 
and  importance  of  the  trypsin  digestion  in  the  intestine. 

The  carbohydrate?  are,  it  seems,  chiefly  absorbed  as  monosaccharides. 
Dextrose,  laevulose,  and  galactose  are  probably  absorbed  as  such.    The  two 
<iisaccharides,  saccharose  and  maltose,  ordinarily  undergo  an  inversion  in 
the  intestinal  tract  and  are  converted  into  dextrose  and  laevulose.     Lactose 
is  also,  at  least  in  certain  animals,  inverted  in  the  intestine.     In  other 
mature  animals,  on  the  contrary,  if  the  lactase  formation  is  not  excited  by 
miJk  food,  it  is  not  inverted  or  only  to  a  slight  extent  (Voit  and  Lusk, 
Wein'laxd,  Portier,  Rohmann  and  Nagano),  and  it  probably  is  absorbed 
as  such  in  these  animals  if  it  does  not  undergo  fermentation,  or,  as  Roh- 
mann and  Xagano  *  considered,  if  it  is  not  traasfonncd  in  the  intestinal 
mucosa  in  some  unknown  way.     An  absorption  of  non-inverted  carbo- 
hydrates is  not  improbable,  and  according  to  Otto  and  v.  Merino'  the 
portal  blood  contains  besides  dextrose  a  dextrin-like  carbohydrate  after 
a  carbohydrate  diet.     A  part  of  the  carbohydrates  Ls  destroyed  by  fermen- 
tation in  the  intestine,  with  the  formation  of  lactic  and  acetic  acids  and 
other  bodies. 

The  different  varieties  of  sugars-  are  absorbed  ^\^th  varj-ing  df^grees  of 

*  Abelmann,  ''Ueber  die  Ausniitzung  der  Xahrunpjsstoffe  nach  Pankroiisexstirpa- 
tion"  (I naug. -Dissert.  Dorpat,  1890),  cited  frorn  Maly's  .Jahrosl)er.,  20;  Sandmoyer, 
Zeitschr.  f,  Biolog'.e,  31;  Rosenberg,  Fiiijger's  Arch.,  70;  Harley,  Journ.  of  Pathol. 
and  Bacteriol.,  1895;  Deucher,  Correspond.  Blatt.  f.  Schv.oi/..  Aerzte,  28. 

'Voit  and  Lusk,  Zeitschr.  f.  Biologic.  2S;  Rohmann  and  Xagano,  Pfliiger's  Arch., 
^,  which  contains  the  references  to  the  literature. 

'Otto,  see  Maly's  Jahresber.,  17;   v.  Mering,  Du  Bois-Reymond 's  Arch.,  1877. 
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rapidity,  but  as  a  general  thing  absorption  occurs  very  quickly.  Tliia 
absorption  takes  place  quicker  in  the  upper  part  of  the  intestine  than  the 
lower  part  {Rohmaxn^  Lannois  and  LfcpiNE^  Rohmaxn  and  Nagako'). 
It  is  generally  admitted  that  the  simpler  sugars  are  more  quickly  split 
than  the  disaccharides,  while  the  statements  as  to  the  absorption  of  the 
disaccharides  differ  somewhat  {Htoox,  Albertoxi,  Hober,  WAVMorai 
RErn_,  Rohm  ANN'  and  Nagaxo)*  There  seems  to  be  no  doubt  but  tbi 
lactose  is  absorbed  slower  than  the  two  other  disaccharides.  According  io 
the  extensive  experiments  of  RoffMAXX  and  Nagaxo  saccharose  Is  al> 
sorbed  quicker  than  maltose.  Xagako  *  contends  that  the  pentoses  are 
absorbed  slower  than  the  hexc^es. 

Oa  the  iBtroduction  of  starch  even  in  veiy  considerable  quantities  mto 
the  intestinal  tract  no  dextrose  passes  into  the  urine,  which  probably  de- 
pends in  this  case  upon  the  absorption  and  assimilation  and  the  slowsac- 
ehari  fication  taking  place  simultaneously.   If,  on  the  contrary ,  large  quantities 
of  sugar  are  ititroiluced  at  one  time,  then  an  elimioation  of  sugar  by  the 
tmne  takes  place,  and  this  elimination  of  sugar  is  called  cdinientarij  ghjco- 
suria.    In  these  cases  the  assimilation  of  the  sugar  and  the  absorption  do 
not  occur  at  the  same  time,  hence  the  liver  and  the  remaining  organs  do 
not  have  the  necessary  time  to  fix  and  utilize  the  sugar.     This  glycosuria 
may  also  in  part  be  due  to  the  fact  that  the  introduction  of  considerable 
quantities  of  sugar  forces  thbi  body  to  be  absorbed  not  only  in  the  ordinary 
way  through  the  blood-vessels  to  the  liver  (see  below),  but  also  in  part  by 
passing  into  the  blood  circulation  through  the  lymphatic  vessels,  thus  evad- 
ing the  liver. 

Tliat  ciuantity  of  sugar  to  which  we  must  raise  the  ingested  substance  in 
order  to  produce  an  alimentarv'  glycosui'ia  gives,  according  to  Hdfmeister,* 
the  assimikilion  limit  for  that  same  sugar.  This  limit  is  different  for  various 
kinds  of  sugar;  and  it  also  varies  for  the  same  sugar  not  only  in  different 
animals,  but  also  for  different  mcLTibcrs  of  the  same  species,  as  also  for  the 
same  individual  uniler  different  circumstances*  In  general  it  can  be  said 
that  in  regard  to  the  ordinary  varieties  of  sugar,  such  as  dextrose,  Isevulose, 
saccharose,  maltose,  and  lactose,  the  assimilation  limit  is  highest  for  dex- 
trose and  lowest  for  lactose.  It  must  be  admitted  that  with  an  overabundant 
quantity  of  sugars  in  the  int<?stinal  tract  the  disaccharides  do  not  have 
sufficient  time  for  their  complete  inversion,  and  this  has  been  directly  shown 
by  Rohmaxn  and  Nagano.  It  is,  therefore,  not  remarkable  that  also 
disaccharides  have  been  found  in  the  urine  in  cases  of  alimentar\'  glycosuria.' 


^  Lamiois  ct  lupine,  Arch,  de  Physio!.  (3),  1;   Rohmann,  Pfl tiger's  Arch.,  41;  see 
alao  foot-note  2,  page  341). 

'  In  regard  to  the  literature  on  the  absorption  of  sugaii  see  foot-note  2,  page  340. 

•Arch,  f.  exp.  Path,  u.  Pharm,,  2^  and  m. 

*  For  the  literature  In  regard  to  the  pas!«i^e  of  various  kinds  of  sugars  into  the  urine 
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The  investigations  of  Lxtdwig  and  v.  Merino  and  others  have  explained 
how  the  sugars  enter  into  the  blood-stream,  namely,  that  they  as  well 
as  bodies  soluble  in  water  do  not  ordinarily  pass  over  into  the  chylous 
"vessels  in  measurable  quantities,  but  are  in  greatest  part  taken  up  by  the 
blood  in  the  capillaries  of  the  villi  and  in  this  way  pass  into  the  mass  of 
the  blood.  These  investigations  have  been  confirmed  by  observations  of 
I.  MirxK  and  Rosexstein  *  on  human  beings. 

The  reason  why  the  sugars  and  other  soluble  bodies  do  not  pass  over 
into  the  chylous  vessels  in  appreciable  quantity  is,  according  to  Heidex- 
HAix,'  to  be  found  in  the  anatomical  conditions,  in  the  arrangement  of  the 
capillaries  close  under  the  layer  of  epithelium.  Ordinarily  these  capillaries 
M  the  necessary  time  for  the  removal  of  the  water  and  the  solids  dis- 
solved in  it.  But  when  a  large  quantity  of  liquid,  such  as  a  sugar  solution, 
is  mtroduced  into  the  intestine  at  once,  this  is  not  possible,  and  in  these 
cases  a  part  of  the  dissolved  bodies  passes  into  the  chylous  vessels  and  the 
thoracic  duct  (Ginsberg  and  Rohmaxx  '). 

The  introduction  of  larger  quantities  of  sugar  into  the  intestine  at  one 
time  can  readily  cause  a  disturbance  with  diarrhceal  evacuations  of  the 
intestine.  If  the  carbohydrate  is  introduced  in  the  form  of  starch,  then 
Tery  laige  quantities  may  be  absorbed  without  causing  any  disturbance, 
and  the  absorption  may  be  very  complete.  Rubxer  found  the  following: 
On  partaking  508-670  grams  of  carbohydrates,  as  wheat  bread,  per  day 
the  part  not  absorbed  amounted  to  only  0.8-2.6  per  cent.  For  peas,  where 
357-588  grams  were  eaten,  the  loss  was  3.6-7  per  cent,  and  for  potatoes 
(718  grams)  7.6  per  cent.  Coxstaxtixidi  found  on  partaking  367-380 
grams  of  carbohydrates,  chiefly  as  potatoes,  a  loss  of  only  0.4-0.7  per  cent. 
An  the  experiments  of  Rubxer,  as  also  of  Hultgrp:x  and  Laxdergrex,* 
with  rye  bread  the  utilization  of  carbohydrates  was  le^s  complete,  although 
the  loss  in  a  few  cases  rose  even  to  10.4-10.9  per  cent.  It  at  least  follows 
from  the  experiments  made  thus  far  that  man  can  absorb  more  than  500 
grams  of  carbohydrates  per  diem  without  difficulty. 

We  generally  consider  the  pancreas  as  the  most  important  or^'-an  in  the 
digestion  and  absorption  of  amylaceous  bodies,  and  it  is  a  (luestion  how 
these  bodies  are  absorbed  after  the  extirpation  of  the  pancreas.  As  on  the 
absorption  of  proteids,  so  also  on  the  absorption  of  starch,  the  observations 
have  given  variable  results.     In  certain  cases  the  absorption  was  nearly 

see  C.  Voit,  Ueber  die  Glykogenbildung,  Zeitschr.  f.  Biologic,  2S,  and  F.  Voit,  foot-note 
2,  page  250.  See  also  Blumenthal,  Zur  Lehre  von  dcr  Assimilationsgrenze  der  Zucker- 
arten,  Inaug.-Dissert.  1903,  Strassburg. 

^  V.  Mering,  Du  Bois-Reymond's  Arch.,  1877;  Munk  and  Rosenstein,  1.  c. 

'  Pfliiger's  Arch.,  43,  Suppl. 

•  Ginsberg,  Pfliiger's  Arch.,  44;   Rohmann,  ibid.,  41. 

*  Rubner,  Zeitschr.  f.  Bioiogie,  15  and  19;  Constantinidi,  ibid.,  23;  Hultgren  and 
Landergren,  L  c. 
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nily  wliile  in  others  St  was,  on  the  contrary,  rather  impaired,  and  with, 
dogs  devoid  of  pancreas  it  lias  been  found  that  of  the  starch  partaken  1 
absorption  was  decreased  50  per  cent  (Rqsexberg^  Cavazzani  *). 

Em ulsi fie ation  seems  to  be  of  the  greatest  importance  in  the  absorptioi 
of  fats,  and  this  etnulsion  occurs  in  the  chyle  on  the  iatroductioa  into  tiw 
intestine  of  not  only  neutral  fats,  but  also  of  fatty  acids.  The  fatty  aci<ls 
do  not  exist  as  such  in  the  emulsified  fat  of  the  eliyle.  The  investigadoDs 
of  I.  MuNK,  later  confirmed  by  others,  have  shown  that  the  fatty  ackk 
tinder;[![o  in  /nrreat  part  a  sytithesis  ijito  neutral  fats  in  the  walls  of  the  intes- 
tine, and  carried  as  such  by  the  stream  of  chyle  into  the  blood.  This 
synthesis  seems  to  take  place  in  the  mucous  membrane  (MormE  ^). 

The  assimiption  that  the  fat  is  absorbed  chiefly  as  an  emulsion  is  partly' 
based  on  the  abundance  of  emulsified  fat  in  the  chyle  after  feeding  with  fat, 
and  partly  on  the  fact  that  a  fat  emulsion  is  often  found  in  the  intestine 
after  such  food.     As  an  abundant  cleavage  of  neutral  fats  occurs  in  the 
intestinal  eanal,  and  also  as  the  fatty  acids  do  not  occur  in  the  chyle  as 
such,  but  as  enudsiticd  fat  after  a  synthesis  with  glycerine  into  neutral  fats, 
it  is  to  be  doubteil  whether  the  emulsified  fat  of  the  chyle  originates  froai 
an  absorption  of  enmlsificd  fat  in  the  intestine  or  from  a  subsequent  emid-' 
sificatinu   of  neutral  fata  formed   synthetically.     This  doubt  has  greater 
warrant  in  that  FraxXK  ^  has  shown  that  the  fatty-acid  ethyl  ester  is  abun- 
ilantly  taken  up  by  the  chyle  from  the  intestine,  not  as  such,  but  as  split-od 
fatty  acids  from  which  then  the  neutral  emulsified  fats  of  the  chyle  are 
formed. 

The  assumption  of  an  absorption  of  fats  as  an  emulsion  contradicts  the 
fact  that  an  ennilsion  produced  by  means  of  soaps  is  not  permanent  in  an 
acid  litjuid;  hence  we  cannot  consider  the  presence  of  an  emulsion  in  the 
intestine  as  possible  as  long  as  it  is  acid.  This  difficulty  is  not  too  serious, 
as  the  reaction  is  often  due  to  only  earl>onic  acid  and  bicarbonates  ami 
also  as  found  by  KOhxe  and  recently  shown  by  ^Iooue  and  KRUMiiHOLz/ 
the  jiroteids  have  a  preserving  action  upon  fat  emulsions.  The  older  views 
as  to  fat  alisorption  were  that  the  fat  was  absorbeti  as  soaps,  soluble  in 
water,  as  well  as  finely  emulsified  fat,  and  tliis  last  form  was  considered  as 
of  the  greatest  importance.  This  ^^ew  has  receJitly  undeiigone  essential 
modifications,  due  to  the  work  of  Moore  and  Rockwood,  and  especially 
to  the  extensive  work  of  Pfluger/ 

*  Cavaz3Raiii|  Centralbl.  f.  PhysioL,  7,     Sec  also  ft>ot-iaote  1,  page  349. 

'  Murik,  Virchmv*s  Arch.»  80,  h?ee  also  w  Wiilther,  Du  Fioi.s-Iieymond's  Arch, 
1800:  Xbnkmvakr,  Arch,  f.  exp.  Patb,  u.  Pharm.,  !21j  Frank,  Zeitachr.  f.  Biolagie,  56; 
Mtiore^  s<?e  Biochem,  CentmlbL,  1,  741, 

'  Zeit^ichr.  f,  Biol  ogle,  M. 

*  Kiihne,  Lehrb.  der  physiol.  Chem,,  122;  Moore  and  Knimbhol*,  Journ.  of  Physiol, 

*  In  regard  to  the  newer  literature  or.  fat  ahsorption  we  can  refer  to  the  works  of 
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Moore  and  Rockwood  have  shown  the  great  solvent  action  of  the  bile 
for  fatty  acids,  and  on  continuing  these  investigations  further,  Moore  and 
Parker  have  foimd  that  the  bile  increases  the  solubility  of  soaps  in  water 
and  can  prevent  their  gelatinization,  a  fact  which  is  of  greater  importance 
for  the  absorption  of  fats  than  the  solubility  of  the  fatty  acids  in  bile.  The 
extent  of  lecithin  in  the  bile  is  of  great  importance  for  the  solubility  therein 
of  the  fatty  acids  as  well  as  the  soaps.  According  to  the  above-mentioned 
investigators  the  absorption  of  fat  from  the  intestine  is  essentially  dependent 
upon  the  solubility  of  the  soaps  and  free  fatty  acids  in  the  bile.  The  neutral 
fats  are  split  and  the  free  fatty  acids  are  in  part  absorbed,  dissolved  as  such 
by  the  bile,  and  in  part  combined  with  alkalies,  forming  soaps.  Neutral 
fats  are  regenerated  from  the  fatty  acids,  and  the  alkali  set  free  from  the 
soaps  is  secreted  back  again  into  the  intestine  and  used  for  the  re-formation 
of  soaps. 

The  importance  of  the  bile,  the  soaps,  and  the  alkali  carbonates  has  been 
closely  studied,  chiefly  by  very  thorough  investigations  of  PflDgeu.  He 
has  quantitatively  determined  the  solvent  power  of  the  above-mentioned 
bodies — alone  as  well  as  different  mixtures  of  these — for  the  various  fatty 
acids,  and  has  closely  studied  the  mode  of  action  of  the  bile.  From  his 
investigations  he  has  arrived  at  the  conclusion  that  no  unsplit  fat  is  absorbed, 
that  all  fats,  before  their  absorption,  must  first  be  split  into  glycerine  and 
fatty  acids,  and  that  the  bile,  on  account  of  its  solvent  power  for  soaps 
and  fatty  acids,  is  sufficient  for  the  absorption  of  large  quantities  of  fat 
eaten.  The  object  of  the  formation  of  an  emulsion  is,  according  to  this  view, 
that  the  fat  in  this  condition  forms  such  a  large  surface  for  the  action  of 
the  stcapsin  or  the  fat-splitting  agents. 

The  possibility  that  all  the  fat  must  be  first  split  and  that  no  unsplit 
fat  is  absorbed  is,  according  to  these  researches,  not  to  be  denied.  It  is 
the  opinion  of  the  author  that  it  is  still  too  early  to  give  a  positive  verdict 
a?  to  how  these  conditions  in  the  intestine  are  brought  about  and  the  con- 
clusion must  be  left  for  further  investigations. 

The  next  question  is  whether  all  the  fat  or  the  greater  part  of  the  same 
pa«?ses  into  the  blood  through  the  lymphatics  and  the  thoracic  duct.  Accord- 
ing to  the  researches  of  W.\lthkr  and  Frank  ^  on  dogs,  it  seems  that  only 
a  small  part  of  the  fats,  or  at  least  of  the  fatty  acids  fed  passes  into  the 
chylous  vessels;  but  these  observations  can  hardly  be  applied  to  the  absorp- 
tion of  neutral  fats,  or  to  the  absorption  in  man  under  normal  circumstances. 
MuxK  and  Rosenstein  '  in  their  investigations  on  a  girl  with  a  lymph  fistula 
found  60  per  cent  of  the  fat  ingested  in  the  chyle,  and  of  the  total  (juan- 

Pfluger,  Pfluger's  Arch.,  80,  81,  82.  85,  88,  89,  and  90,  where  the  work  of  other  investi- 
gators is  cited  and  discussed. 

»  Walther,  Du  Bois-Reymond 's  Arch.,  1900;   Frank,  ibid.,  1892. 

'Virchow's  Arch..  123. 
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tity  of  fat  in  the  chyle  only  4-5  per  cent  existed  as  soaps.  On  feeding  m\i 
a  foreipi  fatty  acid,  such  as  erucic  acidi  they  found  37  per  cent  of  the  mtro- 
duced  boily  as  neutral  fat  in  the  chyle. 

The  completeness  with  which  fats  are  absorbed  depends,  under  normal 
conditions^  essentially  upon  the  kind  of  fat.     In  this  re/iard  it  is  knnwn, 
especially  from   the  investigations  of  IMunk  and  Arxschixk/  that  the 
varieties  of  fat  mih  high  nieltin^r-points,  such  as  mutton-tallow  and  esfn^ 
eially  stearin,  are  not  so  completely  absiirbeil  as  the  fats  with  low  melting- 
points^  such  as  hog-  and  ffoose-fat,  oliveHjil,  etc.     The  kind  of  fat  al:^  has 
an  influence  upon  the  rapidity  of  absorption,  as  MuxK  and  Roskxstov 
found  that  s<jlid  mutton-fat  was  absorbed  more  slowly  than  fluid  lipan:  i 
The  extent  of  absorption  in  the  intestinal  tract  is,  under  physiological  co:  - 
ditions,  ver>'  considerable,     In  the  case  of  a  dog  investigated  by  VoiT  it 
was  found  that  out  of  850  granw  of  fat  (butter)  partaken,  346  grams  tv*w 
absorbed  from  the  intestinal  canal,  and  according  to  the  investigations  of 
RuBXEK  ^  the  human  intestine  can  absorb  over  300  grams  of  fat  per  diem. 
The  fats  are^  according  to  Rituxkh,  nuich  more  completely  absorbed  when 
free,  in  the  form  of  butter  or  lard,  than  wheii  enclosed  in  the  cell-membranes, 
as  in  bacon. 

Claude  Bernard  showed  long  ago  with  exp  riments  on  rabbits  in  which 
the  ductus  choledochus  wjis  made  to  open  into  the  small  intestine  aljove  the 
pancreatic  duct,  that  after  food  rich  m  fats  the  chylous  v^sels  of  the  intes- 
tine above  the  pancreas  passages  were  transparent,  while  below  they  were 
milk-white,  and  also  that  the  bile  alone  cannot  produce  an  absoq)tion  of 
the  emulsified  fat  without  the  pancreatic  juice.  Dastre  ^  has  performed 
the  reverse  experiment  on  dogs.  He  tied  the  ductus  {'holedochus  and 
adjusted  a  biliar}^  fistula  so  that  the  bi!e  flowed  into  the  intestine  lielow 
the  mouth  of  the  pancreatic  passages.  On  killing  the  animal  after  a  meal 
rich  in  fat  the  ehylons  vessels  were  first  found  milk-white  below  the  dis* 
charge  of  the  biliary  fistula.  l'>om  thin  Dastue  draws  the  conclusion  that 
a  combined  action  of  the  Inle  and  pancreatic  juice  is  important  In  th^j 
absorjjtion  of  fats — a  conelusion  which  stands  in  good  accord  with  the^ 
experience  of  many  others. 

Tlirough  numerous  observations  of  many  investigators,  such  as  Bidder 
and  ScHMrDT,  Voit,  Rqhmann,  Fr.  Mtllkr,  L  Munk,*  and  others,  it  hjis 
been  shown  that  the  exclusion  of  the  bile  from  the  intestinal  tract  diminishes 
the  absori^tion  of  fat  to  such  an  extent  that  only  one  seventh  to  about  one' 
half  of  the  quantity  of  fat  ordinarily  absorbed  undergoes  absorption.     Ift-j 

1  Munk,  Virchow's  Arch.,  SO  and  U.i;  Amst^bink,  Zettachr.  f.  Biolgie,  26. 

*  Voit,  Zeitschr  f.  Biologio,  d;  Rubner,  ibiti,  la. 
>  Arch,  de  Phy=^ioL  (5),  2. 

*  F.  MiiUer,  8itzungsl>er.  de  phys.-med,  Ge^Milbch,  xu  Wurzburg*  18S5;   I*  Munk, 
Tirchow^s  Arck,  122.     See  also  foot- notes  1  and  2,  page  330. 
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ieterus  with  entire  exclusion  of  the  bile  a  considerable  decrease  in  the 
absorption  of  fat  is  noticed.  As  under  normal  conditions,  so  also  in  the 
absence  of  bile  in  the  intestine,  the  more  readily  melting  parts  of  the  fat 
are  more  completely  absorbed  than  those  which  have  a  high  melting-point. 
I  MuNK  found  in  his  experiments  on  dogs  with  lard  and  mutton-tallow 
that  the  absorption  of  the  high-melting  tallow  was  reduced  twice  as  much 
as  the  lard  on  the  exclusion  of  the  bile  from  the  intestine. 

We  also  learn  from  the  investigations  of  Rohmann  and  I.  Munk  that 
in  the  absence  of  bile  the  relationship  between  fatty  acids  and  neutral  fats 
is  changed,  namely,  about  80-90  per  cent  of  the  fat  existing  in  the  faeces 
consists  of  fatty  acid,  while  under  normal  conditions  the  fajces  contain 
1  part  neutral  fat  to  about  2-2^  parts  free  fatty  acids.  It  is  not  possible 
to  state  how  this  increased  quantity  of  fatty  acids  in  the  fat  of  the  faeces 
is  produced  upon  the  exclusion  of  the  bile  from  the  intestine. 

There  is  no  doubt  that  the  bile  is  of  great  importance  in  the  absorption 
of  fats.  Still  there  is  also  no  doubt  that  rather  considerable  quantities  of 
fat  may  be  absorbed  from  the  intestine  in  the  absence  of  bile.  What  rela- 
tion does  the  pancreatic  juice  bear  to  this  question? 

Upon  this  point  a  rather  large  number  of  observations  on  animals  have 
been  made  by  Abelmanx  and  Minkowski,  Sandmeyer,  Harley,  Rosen- 
berg, H6don  and  Ville,  and  also  on  man  by  Fr.  MI'iller  and  Deucher.* 
In  all  of  these  investigations  a  more  or  less  diminished  absorption  of  fat  was 
obsen-ed  after  the  extirpation  or  destruction  of  the  gland,  or  the  exclu- 
sion of  the  juice  from  the  intestine.     The  results  are  ver>'  diverse  as  to 
the  extent  of  this  diminution,  as  in  certain  cases  no  absoq)tion  of  fat  was 
obsen^d,  while,  on  the  contrary',  a  considerable  abs()q)tic)n  was  noted  in 
the  same  class  of  animal  (dog)  and  even  in  the  same  animal.     According 
to  Minkowski  and  Abelmann,  after  the  t^)tal  extirpation  of  the  pancreas 
the  fat  of  the  food  introduced  Ls  not  absorbed  at  all,  with  the  exception  of 
miJk,  of  which  28-53  per  cent  of  its  fat  is  absorbed.     Other  investigators 
have  obtained  other  results,  and  Harley  has  observed  a  case  where  in  a 
dog  an  absorption  of  only  4  per  cent  of  the  milk-fat,  or,  on  the  complete 
exclusion  of  intestinal  bacteria,  even  no  absorption,  took  j)lace.     The  con- 
ditions may  be  somewhat  different  in  the  difTercnt  cases;  but  it  is  certahi 
that  the  absence  of  pancreatic  juice  from  the  intestine  essentially  affects 
the  fat  absorption.     It  is  also  just  as  certain  that  the  absorj^tion  of  fat  is 
most  abundant  in  the  simultaneous  presence  of  bile  as  well  as  pancre^itic 
juice  in  the  intestine.     A  little  fat  may  still  be  absorbed  even  in  the  absence 


*  Miiller,  **IJnt€r.  iiber  den  Ictenis,"  Zoitschr.  f.  klin.  Med.,  12;  Il^don  and  Ville, 
Arch  de  Physiol.  (5),  9;  Harley,  Journ.  of  Physiol.,  18,  Journ.  of  Pathol,  and  Bacteriol., 
1895,  and  Proceed.  Roy.  Soc.,  61.  In  regard  to  the  other  authors  see  foot-note  1, 
po4?e  349. 
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of  these  two  fluids^  as  shown  by  the  investigations  of  HfeDON  and  Vtlle 
and  Cunningham.^ 

The  reason  for  the  fact  that  the  fat  absorption  is  dimini«!he«l  in  the 
absence  of  bile  from  the  intestine  must  be  sought  for  in  the  above-mentioned 
r6!e  of  this  fluid.  It  is  more  diffieult  to  state  why  the  absence  of  pan- 
creatic juice  causes  a  reduction  in  the  absorption  of  fat.  The  most  natu- 
ral view  is  that  the  neutral  fats  are  here  less  completely  splits  but  this 
does  not  seem  to  be  the  ea.se  l>ecaiLse  the  non-absorbed  fat  of  the  fe^ 
consists  J  on  the  exclusion  of  bile  and  pancreatic  juice  (Minkowski  and 
AuELMANN,  Habley,  H^don  and  ViLLE,  Deuchkr),  chiefly  of  free  fatly 
acids.  A  still  unknown  change  caused  by  gastric  lipase  or  by  micro- 
organisms or  otherwise  may  produce  a  cleavage  uf  the  fat  in  these  cu.^es. 
The  imperfect  fat  absorption  after  the  extiq>ation  of  the  pancreas  can 
possil>l\'  be  explained  by  the  removal  of  a  eonsifierable  part  ai  the  alkalies 
necessarv^  for  the  formation  of  the  emulsion  and  for  the  solution  ol  ibe 
fatty  acids,  but  as  SaxNDmeykr  found  in  dogs  deprived  of  their  pancreas 
that  the  fat  absorirtiiiu  was  raised  by  giving  chopped  pancreas  with  the 
fat,  this  can  har<Ily  be  a  sulhcicnt  explanation. 

The  soluble  salts  are  also  absorbed  with  the  water.  The  proteids, 
which  can  dissolve  a  considerable  cjuantity  of  salts,  such  as  earthy  phfis- 
pliates  which  are  othenvise  insoluble  in  alkaline  water,  arc  of  great  im- 
portance in  the  absorption  of  such  salts. 

Tlie  soluble  constituents  of  the  digestive  secretions  may,  like  other  dis- 
soh'ed  bodies,  be  absorbeil,  as  is  demonstrated  l>y  the  passage  uf  pepsin 
into  urine;*  the  enzymes  may  also  be  absorbed.  The  occurrence  of  uro- 
l>iUn  in  urine  attests  the  alisoriition  i»f  the  l.>ile-ct»nstituents  under  physio- 
logical conditions  despite  the  fact  that  the  occurrence  of  very  small  traces 
of  bile-acitls  in  the  urine  is  disputed.  The  absorption  of  bile-acids  by  the 
intt^tine  seems  t^j  be  positively  proved  l)y  other  obsen^ations.  T>u*- 
PEIXEU  •  introduced  a  solution  of  bile-salts  of  a  known  concentration  into 
an  intestinal  knot  and  after  a  time  investigated  the  contents.  He  found 
that  in  the  jejunum  and  the  ileum,  but  not  in  the  duodenum,  an  aUsorption 
of  l>ile-acicls  took  place,  and  further  that  of  the  two  bDe-acitU  only  the 
glycocholic  acid  was  absorbeil  in  the  jejunum.  Further,  8chiff  long  ago 
expressed  the  opinion  that  bile  undergoes  an  internieihate  circulation,  in 
such  wise  that  it  is  absorbed  from  the  intestine,  then  carried  to  the 
liver  by  the  blood,  and  lastly  eliminated  from  the  blood  by  this  organ- 
Although  this  view  has  met  with  some  ojjposition,  still  its  correctness  seems 
to  be  established  by  the  researches  (if  various  investigatfjrs,  and  more 
recently  by  Prevost  and  Binet,  and  specially  by  Stadelmanx  and  his 


^  H<&don  and  Ville,  l,c. ;  Clumingham,  Jouhl  of  PhysioL,  23. 
*  W  ien.  Sitiungeber.,  77. 
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pupils.*    After  the  introduction  of  foreign  bile  into  the  intestine  of  an 
animal  the  foreign  bile-acids  appear  again  in  the  secreted  bile. 

How  does  the  removal  of  large  portions  of  the  various  parts  of  the 
intestine  affect  absorption?  Harley  *  has  been  able  to  perform  a  partial 
extirpation  of  the  large  intestine  and  in  another  instance  a  complete  extir- 
pation. This  last  condition  increased  the  faeces  considerably,  especially 
because  of  the  large  increase  in  the  water  (fivefold).  Fats  and  carboliy- 
drates  were  absorbed  just  as  completely  as  in  the  normal.  The  absorp- 
tion of  the  proteids,  on  the  contrary,  was  reduced  to  only  84  per  cent  as 
compared  to  93-98  per  cent  in  normal  dogs.  After  extirpation  the  fceces 
wmetimes  did  not  contain  any  urobilin  or  only  traces  thereof,  while  bile- 
pigments  existed  in  large  amounts. 

Erlaxger  and  Hewlett'  found  that  dogs,  where  70-83  per  cent  of 
tile  total  length  of  the  jejunum  and  ileum  had  been  removed,  could  be 
kept  alive  like  other  animals  if  only  the  food  was  not  too  rich  in  fat.  When 
the  food  contained  large  amounts  of  fat  then  25  per  cent  was  evacuated  by 
the  faeces  as  compared  to  4-5  per  cent  in  the  normal  animal.  Under  these 
same  conditions  the  amount  of  nitrogen  in  the  fseces  was  increased  to 
twice  the  normal  amount. 
'  After  the  exclusion  of  the  colon  in  rabbits  Bergmann  and  Hultgren  * 
could  not  determine  any  action  upon  the  availability  of  the  cellulose  and 
also  no  diminution  in  the  utility  of  the  other  constituents  of  the  food  could 
be  observed. 

The  question  as  to  the  forces  which  are  active  in  the  intestine  during 
absorption  has  not  been  answered.  It  is  certain  that  thus  far  the  laws  of 
diffusion  and  osmosis  alone  are  not  sufficient  to  explain  absorption  although 
the  views  are  disputed.  With  all  these  facts  in  view  and  as  it  is  not 
^thin  the  scope  of  this  book  to  enter  more  in  detail  upon  the  numerous 
investigations  on  this  subject,  we  must  refer  to  larger  works  ^  and  to  text- 
books on  physiology  for  further  information. 

^Schiflf,  Pfliiger'a  Arch.,  3;   Prevost  and  Binet,  Compt.  rend.,  106;   Stadelmann, 
see  foot-note  2,  page  261. 
'Proceed.  Roy.  Soc,  C4. 
*  Amer.  Journ.  of  Physiol.,  6. 
*Skand.  Arch.  f.  Physiol.,  14. 

*See  Hober,  Physikalische  Chemie  der  Zelle,  Leipzig,  1902,  and  I.  Munk,  Ergeb- 
niase  der  Physiologic,  I,  Abt.  1. 
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TISSUES  OF  THE  CONXECTn^  SUBSTANCE. 


I.  The  Connective  Tissues. 

The  form-eleineiits  of  the  t^-pical  connective  tissues  are  cells  of  vm 
kinds,  of  a  not  verj^  well  known  chemical  composition,  and  gelatine-yieldiBg 
Elirils,  which,  like  the  cells,  are  imbedded  in  an  interstitial  or  intertTllular 
substarxce.  The  fibrils  consist  of  collagen.  The  interstitial  substance  con* 
tains  chiefly  mucoid  (tendon-mucoid) ,  besides  serglobulin  and  seralbumin, 
which  occur  in  the  imrench\Tnatous  fluid  (Loebisch  '). 

The  connective  tissue  also  often  contains  fibres  or  formations  consisting 
of  elastin,  sometimes  in  such  great  quantities  that  the  connective  tissue 
is  transformed  into  elastic  tissue.  A  third  variety  of  fibres,  the  reticular 
fibres,  also  occur,  and  according  to  Siegfried  these  consist  of  rcfi^rfilin. 

If  finely  divided  tendons  are  extracted  in  cold  water  or  NaCl  solutions,  the 
proteid  Iwdies  soluble  in  the  nutritive  fluid  in  addition  to  a  little  mucoid  are 
dissolved.  If  the  residue  is  extracted  with  half-saturatett  lime-water,  then 
the  mucoid  is  dissolved  and  may  be  precipitated  from  the  filtered  extract 
liy  saturating  with  acetic  acid.  The  extracted  residue  contains  the  fibrils 
of  the  connective  tissue  together  with  the  cells  and  the  elastic  substance. 

The  so-ealled  tendon  mucin  is  not  true  mucin,  but  a  mucoid,  which, 
as  first  shown  by  Lkvene  and  then  hy  Cutter  and  Gies,  contains  a  part  of 
its  sulphur  as  an  acid  related  to  chondroitin-suljihuric  acid.  These  mucoids, 
which  according  to  Clttter  and  Gies  are  mixtures  of  several  giucoproteids, 
contain  2.2-2.33  per  cent  sulphur,  as  shown  by  the  analyses  of  Chittendek 
and  (liES,  as  well  as  those  of  Clttter  and  Gies.  The  quantity  of  sulphur 
split  off  as  sulphuric  acid  was  1.S3--L62  per  cent  (Cittter  and  Gies  '). 

I'he  fibrils  of  the  connective  tissue  are  elastic  and  swell  slightly  in  water, 
somewhat  more  in  dilute  alkalies  or  in  acetic  acid.  t3n  the  other  hand, 
they  shrink  by  the  action  of  certain  metallic  salts,  such  as  ferrous  sulphate 
or  mercuric  chloride,  and  tannic  acid,  which  form  insoluble  combinations 
with  the  collagen.  ^\mong  these  combinations,  which  prevent  pu^refactioll 
of  the  collagen,  that  with  tannic  acid  has  been  foimd  of  the  greatest  tech- 

*  Zeit-scbr  f.  phy^iuL  Chcm.,  10. 

*  Lovene,  ibid.,  31  and  39;  Ctitter  and  Gi^,  Amer.  Joum.  of  PhysioL,  6;  Chiiteiidai 
and  Gies,  Maly's  Jahresber.,  26. 
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nical  importance  in  the  preparation  of  leather.  In  regard  to  the  collagens, 
gelatines,  elastins,  and  reticulins,  see  pages  59-64. 

The  tissues  describeii  under  the  names  mucous  or  gdaiinous  tissues  are 
characterized  mure  by  their  physifal  than  their  chemical  properties  and  have 
been  but  little  studied.  So  much,  however,  is  known,  that  the  mucous  or 
gelatinous  tissues  contain,  at  least  in  certain  cases*  as  in  the  acalepha?,  no 
mucin. 

The  umbilical  cord  is  the  most  accessible  material  for  the  investigation 
of  the  chemical  constituents  of  the  gelatinous  tissues.  The  mucin  occurring 
therein  has  been  described  on  pa^e  52.  C.  Tu.  Mohnku  *  has  found  a 
innroid  in  the  vitreous  humor  which  contains  12.27  per  cent  nitrogen  and 
1.19  per  rent  sulphur. 

Young  connective  tissue  is  richer  in  nmcoiil  than  old.  Halliuurtox' 
found  an  avera^^e  of  7.00  p.  m,  mucoitl  in  the  skin  of  very  young  children 
and  only  3.Ho  p.  m.  in  the  skin  of  a^lults.  In  so-called  myxct^dema^  in 
which  a  rcfonnation  of  the  connective  tissue  of  the  skin  takes  place,  the 
quantity  of  mucuid  is  also  increased. 

The  connective  tissue  and  also  the  elastic  tissue  are  richer  in  water  and 
poorer  in  solitls  in  young  animals  as  comparetl  to  full-grown  animals.  This 
may  be  seen  from  the  following  analyses  of  the  achOles  tendon  (Bukrger 
ad  GiEs),  and  of  the  ligamentum  nuchic  (Vandegrift  and  Cuks  '). 


AohllleA  tendon. 


LtffAmeQt. 


C*lf.  Ox. 

rater... 675.1p.m.  528.7p.m, 

olida .....324.9    '*  371.3    *' 

fOrganic  iKKlies 318.4    '*  366,6    ** 

In oojanic  bodies 6.1     "  4,7    '* 

Tut.. 10.4    *' 

>h>teid... 2.2    " 

fucoid 12.83** 

Elm*tiii 16.33  *' 

Collagen 315.88  " 

"stractives,  etc. S.96 '* 


651 .0  p,  m. 
394,0    *' 
342.4    •' 
6.6    ** 


Ox. 

575 . 7  p.  m. 
424,3    ** 
419.6    '• 

4.7    '* 
11.2    *' 

6,16*' 

5.25  *• 

316,70  ** 

72.30  " 

7.99'* 


In  regard  to  the  mineral  bodies  it  must  be  remarked  that  aceordinj;  to 

be  determinations  of  11.  Bcnui^z  *  the  eonnective  tissue  is  rich  in  silicic 

[*id.     The  greatest  amount  was  found  by  him  in  the  cr^'stallino  lens  of 

he  ox,  namely,  0.5814  jarram  per  kilo  of  dried  substance.     In  man  he  found 

'0.0637  ^rram  in  the  tendonn,  0.1064  ^ram  in  the  fascia,  and  0.244  frram  in 

Wluirtou's  jelly  for  every  kilo  of  dried  substance.     The  quantity  of  silicic 

acid  is  hi'iiher  in  the  young  than  in  the  old;  in  man  it  is  highest  in  the 


*  ZeitHchr.  f.  physinl.  Chem.,  \^,  250. 

'  Mucin  in  Myxcedema.    Further  Analyses,    Kings  College.    Collect-ed  Papers  No.  1, 
1803. 

'  Bnerper  nxnl  Ciea,  Ampr.  Jrmni.  of  Physiol.,  ft;  Vftndegrift  and  GieSj  ibid.,  £u 

•  PHut^or's  Arcli.,  84  and  8ii 
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embr}^onic  connective  tissue  of  the  umbilical  cord.  In  the  last  ScHUL^ 
found  also  0.403  gram  Fe^O^,  0X*93  p:rani  iMgO,  3/297  grams  CaO,  and  3.7H 
granis  l\0^  for  every  kilo  of  dried  substance. 

II,  Cartilage. 

Cartilaginous  tissue  consists  of  cells  and  an  original  h}'aline  matri\, 
which,  however,  may  become  ehangetl  in  such  wise  tluit  there  appears  m  it 
a  netw^ork  of  elastic  fibres  or  connective- tissue  fibrils. 

Those  cells  that  offer  great  resistance  to  the  action  of  alkalies  ar: ! 
acids  have  not  been  carefully  studied.  According  to  former  xwvm,  \k 
matrix  was  considered  as  consisting  of  a  body  analogous  to  collagen,  ?'- 
caUed  chondrigen.  The  recent  investigations  of  ^Iorochowetz  and  others, 
but  especially  those  of  C.  Th*  Mornku,'  have  sho%vn  that  the  matrix  of 
the  cartilage  consists  of  a  mixture  of  collagen  with  other  bodies. 

The  tracheal,  thyroideal,  cricoidal,  and  ar^^tenoidal  cartilages  of  fuB- 
growii  cattle  contain,  according  to  Morxer,  four  constituents  in  the  raatnXr 
namely,  ckondTomucoid,  chondroUin-mdp^iuric  acid,  collagen,  and  an  albumin" 
old. 

Chondromucoid.  This  body,  according  to  Morxer,  has  the  compositiot» 
C  47.30,  H  6.42,  N  12.58,  8  2.42,  O  31.28  per  cent.  Sulphur  is  in  part 
loosely  combinetl  anrl  nia}^  be  split  oflt  by  the  action  of  alkalies ^  and  a  paiv 
separates  as  sulphuric  acid  when  boiled  with  hydrochloric  acid.  Choiulro- 
mucoid  is  decomposetl  by  dilute  alkalies  and  yields  alkali  albuminate,  pep- 
tone substances,  chondroitLn-sulphuric  acid,  alkali  sulphides,  and  some 
alkali  sulphates.  On  boiling  with  acids  it  yields  acid  albuminate,  peptone 
substances  J  chondroi  tin -sulphuric  acid,  and  on  account  of  the  further  de* 
composition  of  this  last  bo<ly  sulphuric  acid  and  a  reducing  substance  are 
formed. 

Chondromucoid  is  a  white,  amorphous,  acid-reacting  powder  which  is 
insoluble  in  water,  but  dissolves  easily  on  the  addition  of  a  little  alkali. 
This  solution  is  preeipitate<l  by  acetic  acid  in  great  excess  and  by  small 
quantities  of  mineral  acids.  The  precipitation  ma}^  be  retardetl  by  neutral 
salts  or  Ijy  chfHidroitin-sulphuric  acid.  The  solution  containing  NaCl  and 
acidified  with  FlCl  is  not  precipitated  by  potassium  ferrocyanide.  Precipi- 
tants  for  chondromucoid  are  alum,  ferrit;  chloride,  sugar  of  lead,  or  basic  lead 
acetate.  Chondromucoid  is  not  precipitate^l  by  tannic  acid,  and  it  may  by 
its  presence  prevent  the  precipitation  of  gelatine  by  this  acid.  It  gives  the 
usual  color  reactions  for  ]>roteids,  namely,  with  nitric  acid,  with  copper 
sulphate  nufl  alkali,  with  Milldx*s  and  Adamkiewicz's  reagents. 

Choadroitin-sulphuric  Acid,  chondroitic  acid.  This  acid,  which  waa 
first  prepared  pure  from  cartilage  by  C.  Th.  Morver  and  identified  by 

*  Morochowetz,  VerhantH.  d  iiaturh,  raed.  Vereina  «u  Heidelberg,  I,  Heft  5;  Momer, 
Skand,  Arch.  f.  physLol.,  1. 
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him  as  an  ethereal  sulphuric  acid,  occurs,  according  to  Morner,  in  all  varie* 
ties  of  cartilage  and  also  in  the  tunica  intima  of  the  aorta  and  as  traces 
in  the  bone  substance.  K.  Morner  has  also  found  it  in  the  ox-kidnejr 
and  in  human  urine  as  a  regular  constituent.  According  to  Krawkowv 
who  found  it  in  the  cervical  ligament  of  the  ox,  it  combines  with  proteid^ 
forming  amj^loid  (see  page  54),  which  explains  the  occurrence  of  this  body 
in  amyloid  degenerated  livers,  as  observed  by  Oddi.*  The  identity  of  the 
ethereal  sulphuric  acid  occurring  in  liver  amyloid  with  chondroitin-sul- 
phuric  acid  does  not  seem  to  be  quite  clear,  according  to  the  researches  of 
MoxtRY.  According  to  Levene  '  the  glucothionic  acid,  prepared  from 
tendon  mucoid  and  which  gives  the  orcin  reaction  for  glucuronic  acid,  and 
yields  furfurol  on  distillation  with  hydrochloric  acid,  is  not  identical  with 
the  chondroitin-sulphuric  acid,  hence  more  acids  related  to  it  are  possible. 
Chondroitin-sulphuric  acid  has  the  formula  CigHjjNSOiy,  according  to 
ScHMiEDEBERG.'  As  first  products  this  acid  yields  on  cleavage  sulphuric 
acid  and  a  nitrogenous  substance,  cfiondroiiin,  according  to  the  following 
equation: 

C,3H„NS0„  +H,0 = H^SO,  +Ci3H„N0i,. 

Chondroitin,  which  Is  similar  to  gum  arable  and  which  is  a  monobasic  acid, 
yields  acetic  acid  and  a  new  nitrogenous  substance,  chondrosin,  as  cleavage 
products,  on  decomposition  with  dilute  mineral  acids: 

CigHj^XOj,  4-  3H2O  =  aCJI/)^  +  CijHj^NOii. 

Chondrosin,  which  is  also  a  gummy  substance  soluble  in  water,  Ls  a  mono- 
basic acid  and  reduces  copper  oxide  in  alkaline  solution  even  more  strongly 
than  dextrose.     It  is  dextrog\Tate  and  represents  the  reducing  substance 
obtained  by  previous  investigators  in  an  impure  form  on  boiling  cartilage 
with  an  acid.     The  products  obtained  on  decomposing  chondrosin  with 
barium  hydrate  tend  to  show,  according  to  ScHMiKDEnKRo,  that  chondro- 
sin contains  the  atomic  groups  of  ghicuronic  acid  and  glucosamine.     This^ 
assumption  does  not  seem  to  have  sufficient  foundation.     According  to 
Ogler  and  Neuberg  *  chondrosin  does  not  give  the  orcin  test  nor  does 
it  yield  furfurol.     It  contains  neither  ghicuronic  acid  nor  glucosamine,  and 
on  cleavage  with  barj^ta  it  yields,  besides  a  carbohydrate  complex  which 
has  not  been  studied,  an  oxyamino  acid  having  tli<?  formula  CgHigC  )gX ;  also 
a  hexosamine  acid  or  tetraoxyaminocaproic  acid. 

*  C.  Momer,  1.  c,  and  Zeitschr.  f.  physiol.  Chem.,  20  and  23;   K.  Mornor,  Skand. 
Arok.  f.  Physiol.,  G;  Krawkow,  Arch.  f.  exp   Path.  u.  Pharm.,  40;  Oddi.  tbid.,  ,*W. 

'  Mon6ry,  Compt.  rend.  soc.  hiol.,  54;   Levene,  Zeitschr.  f.  physiol.  Chem.,  30. 

*  Arch.  f.  exp.  Path.  u.  Pharm.,  28. 

*  Zeitschr.  f.  physiol.  Chem  ,  37. 
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Chondroitm-sulphuric    acid    appears  as  a   white    amorphous  puw<ler, 
which  <U!?;Bolve^  very  easily  in  water,  fo ruling  an  acid  soliition  and,  wh 
gufficienlly  concentrated,  a  sticky  liciuid  tsirnilar  lt>  a  solution  of  gum  amb 
Nearly  all  of  its  salts  are  soluble  in  water.    The  neutralized  snlutionil 
prerii)itated  by  tin   chloride,   basif^   lead  acetate,   neutral   ferric  chl<}rid 
arul  \ty  alcohol  in  the  presence  of  a  little  neutral  salt.     The  solution,  i 
the  father  hand,  b  not  pretripitated  by  acetic  acid,  tannic  acid,  potassiuD 
ferrocyanide  and  acid,  sugar  of  lead,  mercuric  chloride,  or  silver  nitratt 
Acidified  stilutions  of   alkali    chondroitiii-t5iil|ihate8  cause  a  pre<^*ipitatiai 
when  addetl  to  solutions  of  gelatine  or  proteid. 


Choiidromncoid  and  ehondroitin-sulphuric  acid  may  be  prepared,  accori* 
ing  to  AIoRNER,  by  extracting  finely  cut  cartilage  with  water,  whirh  dL^- 
solves   t!ie   prefornxeil   cfKjndnntiii-.suliThuric    acid    fic^^itles   some  clion^lrth 
mucoid.     In  tliL<  watery  extract  the  chondroitin-suli>!nnic  acid  prevents 
the  prccipitatiun  of  the  chiaalronuicoid  by  means  of  an  acid,     if  2-4  p.  m. 
HCl  is  adtled  to  this  watery  extract  and  wannt^tl  on  the  water-bath »  the 
chonilronuicoid  gradually  separates,  while  the  chondroitiu-suiphnrir  acid 
and  the  rest  of  the  chontlromufttid  remain  in  the  filtrate.     If  the  cartilagPi 
which  hiis  been  lixiviated,  at  the  temperature  of  the  body,  with  water,  i^ 
extracted  with  hydniclik(ric  acid  of  2-3  [>.  m.  uiitU  the  collagen  is  eoH- 
vertc^l  into  gelatine  and  tlbsoiveil,  the  remaining  chondnimmMtid  may  b^ 
removed  from  the  ins()iul)le  residue  by  dilute  alkali  and  }treci]»itated  fron^ 
the  alkaline  extract  by  an  acid.     It  may  be  purified  by  repeated  solutioi^ 
in  water  with  the  aid  of  a  little  alkali,  by  precipitation  with  an  acid  anc*- 
then  hnally  treating  with  alcnhol  ami  ether. 

The  pre-existing  chondroi tin-sulphuric  aciil,  or  that  formed  by  the 
decomposition  of  ch<jndroniucoid,  is  obtained  by  lixiviating  the  cartilage 
with  a  5  per  cent  caustic-alkali  sulution.  The  alkali  albuminate  formed 
by  the  decomposition  of  the  chondroniucoid  can  be  removed  fn*ni  the 
Bf>lutit»n  by  neutniii/.ation,  then  the  peptone  precipitated  by  tamiic  arid, 
the  excess  t>f  this  acid  removed  with  sugar  of  lead,  and  the  lead  scj  vara  ted 
from  the  filtrate  hy  II^S.  If  further  purification  Is  necessary',  the  at- id  Is 
precipitated  with  alcohol,  the  precipitate  dissolved  in  water,  this  solution 
dialyzed  and  precipitated  again  with  alcohob— this  solution  in  water  and 
pre<d]>itation  with  aleohrjl  being  repeated  a  few  times, — and  lastly  the  acid 
IS  treated  with  alcohol  and  ether. 

SruMiEnKHEKU  |.vrepared  the  acid  from  the  septum  narium  of  the  pig 
according  to  the  following  methoil:  The  finely  divided  cartilage  is  first 
exp  sed  to  artificial  peptic  digestion,  then  carefully  washed  with  water 
and  the  insolnl)le  residue  treateil  with  2-3  |>er  cent  hydrtichloric  acid. 
This  cloudy  liquid  containing  hvtlrochloric  acid  Is  precipitated  with  alcohtd 
(about  {  vol)  and  the  clear  filtrate  treated  with  absolute  alcihol  ajid 
gome  ether.  The  [>reci[)itate,  consisting  chiefly  of  a  ctmibination  or  a 
mixture  of  chondroitin-sulphuric  acid  and  gelatine  peptone  (pepto-chondrin), 
b  first  wiishe<l  witli  alcr^hol  and  then  with  water.  It  Is  then  dLssolveil  in 
alkaline  water  and  the  basic  alkali  combination  precipitated  from  this 
solution  by  the  additi(»n  fif  alcohol,  wherel^y  the  gelatine-peptone  alkali 
remains  in  solution.  The  preci(>itate  Is  purified  bv  re])eateii  sidution  in 
alkaline  water  and  precipitated   by  alcohol.    To  obtain  chundruitin-sul- 


COLLAGEN  AND  ALBUMINOID  OF   THE  CARTILAGE. 


303 


phuric  iicid  entirely  free  from  chondrcntin  it  hi  more  advantage<iiis  to  jjre- 
ptiro  the  poTM-s«iu[ji-ei>pper  runibinatitui  of  the  at-id  from  the  alkaline  .s<j1u- 
tion  hy  the  alteniate  addititui  of  copper  acetate  and  eau.stic  pot^Lsh  and 
precipitating  with  alenh(jl  The  reader  is  referred  to  the  original  article 
for  nujre  detail  and  al^o  for  Oddi  'b  method. 

The  collagen  of  the  cartilage  gives,  according  to  IMohner,  a  gelatine  whicli. 
contains  only  16.4  per  cent  N  and  which  can  hardly  be  considered  i<lcntical 
with  ordinar\'  gelatine. 

In  the  above-mentioned  cartilages  of  full-grow^n  animals  the  chondroitin- 
sidphnrie  acid  and  chnindromueoid,  perhaps  also  tlie  eollageni  are  found 
surronntling  the  cells  as  rounil  balls  or  lumps.  These  bails  (MoRNi*:n*s 
chondrin-balls),  which  give  a  blue  c<dnr  witli  nietln'l-vi<pletp  lie  in  the  meshes 
of  a  trabecular  structure,  which  Ls  colored  when  Ijnjught  in  contact  with 
tn^pte^ilin. 

The  (tlhuminoid  is  a  n!trogenize<l  btHly  which  contains  loosely  com* 
bine*l  sulphur.  It  is  snlui>le  with  difficulty  iji  acids  and  alkalies  and 
resenibJes  keratin  in  many  res])CTts,  but  diffei-s  from  it  by  bein^  soluble 
in  gastric  juice.  In  other  resjiects  it  Ls  more  similar  to  elastin,  liut  differs 
from  this  substance  by  containing  sulphur*  This  albiuninoid  gives  the 
color  reactions  of  the  proteid  bodies. 

The  preparation  of  cartilage  gelatine  and  albuminoid  may  be  performed 

_according  to  the  follcjwing  meth<jd  f»f   Mqrnkii:     First   remove  tlie  clmn- 

romucoid  and  chondroi tin-sulphuric  acid  by  tw traction  with  dilute  caustic 

«)tash  (0.2-0.5  i>er  cent),  remove  the  alkali  from  the  reniaiiung  cartilage 

water,  and  then  boil  with  water  m  a  Pa  pin's  digester.     The  collagen 

sses  into  solutkm  as  gelatine,  while  the  albuminoid  remaijis  undissol\ied 

Icontaminated  by  the  cartilage-eells).     The  gelatine  may  be  purified  by 

precipitating  with  Siidiinn  sulphate,  which  must  lie  added  to  saturation  in 

"le  faintly  aeidificil  solution,  rcdlsstilving  the  i>rei  i|)itate  in  water,  dialyzing 

rcU,  and  precipit^tbg  with  alcuhoL 

Accord mg  to  Mornkh,  no  albuminoid  is  found  in  young  cartilage^  but 
^^nly  the  three  first-mentioned  constituents.  Nevertheless  the  young  carti- 
^■ige  contains  about  the  same  amcjunts  of  nitrogen  and  mineral  substances 
^■6  the  old.  The  cartilas^e  of  the  ray  (Raja  Imiis  Lin.),  which  has  been 
^TOvestigateil  by  I.oxvnKFtci/  contains  no  albumim»iil  anil  only  a  littlo 
chondromucoi<l,  but  a  large  proportion  of  ehondroitin-«ulphuric  acid  and 

fllagen. 
According  to  PFLfcER  and  1 1. Kxdfx' glycogen  occurs  to  a  slight  ext<?nt 
all  matrices,  and  of  these  it  is  richest  in  the  cartilage.    Tendons,  ligamen- 
'     tnm  nuchea,  and  cartilage  nf  the  ox  containetl  0.06,  0,07^  and  2.17  p.  m. 

Iycogen  respectively  (Haxdel). 
Hoppe-Seyler  found  in  fresh  human  rib-cartjla«re  676.7  p.  m.  water,' 
Big  p.  m.  or^^anic  and  22  p,  m.  inoreanie  substance,  and  in  the  crtila^re 


iMalv*«Jaliresber,ll>,325. 


*  Pfliiger'a  Arch..  02;  Hilndel,  ibid. 
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€>f  the  knee-joint  735.9  p.m.  water,  24SJ  p.m.  organic  arul  15.4  p.i 

ioorpinic  substance,  Pickaedt  ^  found  402-574  p.  m,  water  aiid  72,86 p,i 
^iih  (nu  iron)  In  the  laryngeal  cartilage  of  oxen.  The  ash  of  cartilage  co 
Ttains  considerable  amounts  (even  SOD  p.  m,)  of  alkali  sulphate,  which  1 
probably  does  not  exist  originally  as  such,  but  is  produced  iii  great  part  by 
the  incineration  of  the  chondroitin-sulphuric  acid  and  the  chandromvicokL 
The  analyses  of  the  ash  of  cartilage  therefore  cannot  give  a  correct  id^  of  ^ 
the  quantity  of  mineral  bodies  existing  in  this  substance.  The  cartila^is 
richest  in  sodium  of  all  the  tissues  of  the  body,  and  according  to  BuxoEUbe 
amount  of  Na  and  Ci  is  greatest  in  young  animals.  In  1000  parts  of  carti- 
lage dne<l  at  120^ C,  Buxge  found  91.26  paTis  NanO  in  the  shark,  33 .98  in 
the  ox  embryo,  32.45  in  a  fourteen-day-old  calf,  and  26.4  in  a  ten-week- 
old  calf. 

The  Cornea*    The  cornea!  tissue,  which  is  considered  Ijy  many  investi- 
gators to  be  related  to  cartilage  in  a  chemical  sense,  contains  traces  of 
proteid  and  a  collagen  as  chief  constituent,  which  C.  Th.  Morxer  '  claims 
contains  16.95  per  cent  N.     According  to  him  it  also  contains  a  rnuooH 
^vhich  has  the  com[Kisition  C  50J6,  H  6.97,  N  12 79,  and  S  2.07  per  cent. 
On  boiling  with  dilute  mineral  acid  tliis  mucoid  yields  a  reducing  sub- 
stance.   The  glohidins  found  by  other  investigators  in  the  coniea  are  not 
derived  from  the  matrix,  according  to  Morxer,  but  from  the  layer  of 
epithelium.     According   to   Morxer,   Descemet^s   membrane  consists  of 
^ncmhnmin  (page  5^3),  which  contains  14.77  per  cent  X  and  0.90  i>er  centS. 

In  the  cornea  of  oxen  His  '  found  758.3  p.  m.  wat^r»  203.S  p.  m* 
|2;eia tine-forming  substance,  28,4  p.  m.  other  organic  substance,  besides 
S.l  i>.  m.  soluble  and  1.1  p.  m.  insoluble  salts, 

III-  Bone* 

The  bony  stnicture  proper,  when  free  from  other  formations  occurring 
in  bones,  such  as  marrow,  nerves,  and  blood-vessels,  consists  of  cells  and  a 
matrix. 

The  ccUs  have  not  been  closely  studied  in  regard  to  tlieir  chemical  con* 
f^titution.  On  boiling  with  water  they  yield  no  gelatine.  They  contain  no 
keratin,  which  is  not  usually  present  in  tlie  Ixxly  structure  (Hkrhert 
Smith  *). 

The  vuiirix  of  the  bony  structure  contains  two  chief  constituents, 
namely,  an  organic  substance,  and  the  so-called  bone-varths,  lime-salts, 
enclosed  in  or  combined  wdth  it.     If  bones  are  treated  with  dilute  hvdro- 


*  Hoppe-Seyler,  cited  from  Ki'jhne's  Lehrbiich  d.  phy^iol    Chem.,  387;    Hckardt^ 
Centralhl  f.  Physiol,  G.  735;   Bunge.  Zeitschr.  f.  phyaiol  Vhem.,  28. 
'  Zellschr.  f.  physiol.  Chem.,  IK. 
•Cited  from  Gamp:ee,  Pfivsiol    Chera..  1S80,  451. 
^Zoiischr,  f,  Biologie    11*. 
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chioric  acid  at  the  ordinary  temperature,  the  lime-salts  are  dissolved  and 
the  organic  substance  remains  as  an  elastic  mass,  preserving  the  shape 
of  the  bone. 

The  organic  matrix  consists  chiefly  of  ossein,  which  is  generally  con- 
sidered as  identical  with  t!ie  collagen  of  the  connective  tissue.  It  also 
contains,  as  Hawk  ami  Gies  *  have  shown,  mucoid  and  albuminoid.  After 
the  removal  of  the  lime-salts  by  hydrochloric  acid  of  2-5  p,  ra,  these  experi- 
menters  were  able  to  extract  the  mucoid  by  one-half  saturat^l  lime-water 
and  to  precipitate  it  with  2  p.  m.  hyilmchloric  acid.  After  the  removal 
of  the  osaeomucoid  and  collagen  (by  boiling  with  water)  they  obtainetl 
the  albuminoid  as  an  inswilublo  residue. 

The  osseomucoid  on  boiling  with  hydrochloric  acid  yielded  a  retiucing 
substance  and  sulphuric  acid,  1.11  per  cent  sulphur  appearing  in  this 
form.  The  osseomucoid  stands  close  to  the  chondnv  and  tendon  mucoid 
in  elementary  composition,  as  may  be  seen  from  the  following  analyses: 

f*  H  N  SO 

Oaseorauooid 47  -43  6 .  tis  12  "22  2  32  31  40  (Hawk  and  Cues) 

Chondromticoid.  , .  ..  47.30  6.42  12.58  2.42  31/28  (C.  Morneh) 

Tendon  mucoid 48 ,  7fi  6 .  53  !  1 ,  75  2 .  33  m.  m  (Cnn^KsnES  and  Gibs) 

Corneal  muooid 50.16  6.97  12.79  2,07  28,01  (C.  MoitNEa) 

The  oaseoalbuniinoid  is  insoluble  in  2  p.  m.  hydrocfdoric  acid  and  5  p.  in. 
Na^OOtt  but  dissolv^es  in  10  per  cent  KOH  with  the  formation  of  albumin* 
ateSi    The  composition  of  chondro-  and  osseoalbuniinoid  is  as  follows: 

f*  Ff  N  ft  O 

OssecMdbumiiiold 50  16      7  03      16 /l7      1 . is      25 .46 \  Hawk  and 

Choudroalbuminoid.  .  . 50.46       7.05       14.95       1.80      25.48f        Gm 

The  inorjBTanic  coastituents  of  the  bony  structure^  the  so-called  bone- 
earths,  which  after  the  complete  calcination  of  the  organic  substance 
remain  as  a  white,  brittle  mass,  consist  chiefly  of  calcium  and  phosphoric 
acid,  but  also  contain  carbon  dioxide  and,  in  smaller  amounts,  magnesium, 
chlorine,  and  fluorine.  Alkali  sulphate  and  iron,  which 'have  been  found 
in  bone-ash,  do  not  seem  to  belon.ti:  exactly  to  the  bony  substance,  but  t^ 
the  nutritive  fluids  or  to  the  other  constituent's  of  bones.  The  traces  of 
sulphate  occurring  in  the  l:)one-ash  are  deri%^ed,  accorfling  to  MoRVER^'from 
the  chondroitin^ulphuric  acid.  According  to  Ga.brikl  '  potassium  and 
sodium  are  essential  constituents  of  boue-earth. 

The  opinions  of  investigator?  differ  somewhat  as  to  the  manner  in  which 
the  mineral  bodies  of  the  bony  structure  are  combined  with  each  other. 
Chlorine  is  pre^nt  in  the  same  form  as  in  apatite  (CaCl3,3CajPjOJ.    If  we 


*  Amer.  Journ.  of  Phy«ioL,  a  and  7, 

'Zeitjichr.  t  phyaiol   Chem  .  23. 

*/6i</,,  18,  which  also  contains  the  pertinent  literature. 
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eliminate  the  magnesium,  the  chlorine,  and  the  fluorine,  the  last,  according 
to  Gabriel,  occurring  only  as  traces,  the  remaining  mineral  bodies  form 
the  combination  3(Ca3P20g)CaCO,.  According  to  Gabriel  the  simplest  ex- 
pression for  the  composition  of  the  ash  of  bones  and  teeth  is  (CajCPO^),^ 
Ca^HP,0i3+Aq),  in  which  2-3  per  cent  of  the  lime  is  replaced  by  magnesia, 
potash,  and  soda,  and  4-6  per  cent  of  the  phosphoric  aoid  by  carbon  dioxide, 
chlorine,  and  fluorine. 

Analyses  of  bone-earths  have  shown  that  the  mineral  constituents  exist 
in  rather  constant  proportions,  which  is  nearly  the  same  in  different  animals. 
As  an  example  of  the  composition  of  bone-earth  we  here  give  the  analyses 
of  Zalesky.^    The  figures  represent  parts  per  thousand. 

Man.  Ox.  Tortoise.  Guinea- pic 

Calcium  phosphate,  CaaPjO. 838.9  860.9  859.8  873.8 

Majcnesium  phosphate,  Mg-P A !<>■*  10.2  13.6  10.5 

Calcium  combined  with  C<)„  Fl,  and  Q . . .     76 . 5  73 . 6  63 . 2  70  3 

CO, 57.3  62.0  52.7 

Chlorine 1.8  '2.0         1.3 

Fluorine » 2.3            3.0  2.0 

Some  of  the  COj  Is  always  lost  on  calcining,  so  that  the  bone«ash  does  not 
contain  the  entire  COj  of  the  bony  substance. 

Ad.  C.\r.\ot  '  found  the  following  composition  for  the  bone-ash  of  man, 
ox,  and  elephant: 

Man.  Ox.  Elephant. 

Femur  Femur  !?«„„,  r 

(body).  (heat!).  Femur.         Femur. 

Calcium  phosphate 874 .5  878.7  857.2  9(X).3 

MairiM'-iiuni  phosphate 15.7  17.5  15.3  1 9 . «» 

Calcium  fluoride 3.5  3.7  4.5  4.7 

Calcium  chloride 2.3  3.0  3.0  2.0 

Calcium  cari>onate 101.8  92.3  119.6  72.7 

Iron  o.xide 1.0  1.3  1.3  1.5 

Tho  quantity  of  organic  substance  in  the  bones,  calculated  from  the  loss 
of  Wf*i;rht  in  burning,  various  somewhat  between  300  and  520  p.  m.  This 
variation  may  in  j)art  1)C  explairuHl  by  the  difficulty  in  obtaining  the  bony 
.sub.starif^'  entirely  free  from  water  and  partly  by  the  very  variable  amount 
of  hlood-vesscl.s,  nerves,  marrow,  and  the  like  in  different  bones.  The 
TUKHjual  amounts  of  organic  substance  found  in  the  compact  and  in  the 
si)on«ry  parts  of  the  same  bone,  as  well  as  in  bones  at  different  periods 
of  (l('vcloi)inent  in  the  same  animal,  depend  probably  upon  the  var^-ing 
fjuantities  f)f  these  a])Ove-mentione(l  tissues.  Dentin,  which  is  compara- 
tively pure  ]K)ny  structure,  contains  only  260-2<S0  p.  m.  organic  substance, 
and  IIoppf^Sf-.yler  *  therefore  thinks  it  probable  that  perfectly  pure  bony 

*  Tloppe-Sevler,  Med.-chem.  Untersuch.,  19. 

'  The  statements  as  to  the  quantity  of  fluorine  are  oontradiotoiy)  see  Harms, 
ZeitHchr.  f   Hioloprie,  38;  Jodblauer,  ibid.,  41. 
•Compt.  rend.,  114. 
<  Physiol.  Chem.,  102-104. 
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substance  has  a  constant  composition  and  contains  only  about  250  p.  m. 
OTganic  substance.  The  question  whether  these  substances  are  chemically 
combined  with  the  bone-earths  or  only  intiinately  mixed  has  not  been 
decided. 

The  nutritive  fluids  which  circulate  through  the  bones  have  not  been  isolated, 
and  we  only  know  that  they  contain  some  proteid  and  some  NaCl  and  alkjili 
dphate.  The  yellow  marrow  contains  chiefly  fat,  which  consists  of  oloin,  pal- 
mitin,  and  stearin,  and  which  differs  from  the  fat  of  the  other  i)arts  of  the  Ixxly 
by  having  a  higher  acetyl  equivalent  (Zink  *).  Proteid  has  been  found  esi)ecially 
in  the  so-called  red  marrow  of  the  spongy  bones.  According  to  Forrest,  the 
proteid  consists  of  a  globulin  coagulating  at  47-50°  C.  and  a  n  cloo-albuniin 
with  1.6  per  cent  phosphorus  (Halliburton  '),  besides  traces  of  albumin.  liosid(»s 
tEs  the  marrow  contains  so-called  extractive  bodies,  such  as  lactic  acid,  hyix>- 
xanthine,  and  cholesterin,  but  mostly  bodies  of  an  unknown  character. 

The  diverse  quantitative  composition  of  the  various  bones  of  the  skeleton 

depends  probably  on   the  varjdng  quantities  of  other  tissues,  such   as 

marrow,  blood-vessels,  etc.,  which  they  contain.     The  same  reason  explains, 

to  all  appearancc»s,  the  larger  quantity  ot  organic  substance  in  tl^iC  six)ngy 

parts  of  the  bones  as  compared  with  the  more  compact  parts.     Sciihodt  * 

has  made  comparative  analyses  of  different  parts  of  the  skelotf)n  of  the  same 

ani/nal  (dog)  and  has  found  an  essential  difference.    The  quantity  of  wat(T 

in  the  fresh  bones  varies  between  138  and  443  p.  m.    The  bones  of  tin* 

^extremities  and  the  skull  contain  138-222,  the  vertebne  168-443,  and  the 

'^bs  324-356  p.  m.  water.    The  quantity  of  fat  varies  l:)etweon  13  and  269 

P-  ni.    The  largest  amount  of  fat,  256-269  p.  m.,  is  found  in  the  loriir  tubular 

t^<">rios,  while  only  13-175  p.  m.  fat  is  found  in  the  small  short  l)ones.     The 

^viantity  of  organic  substance,  calculated  from  fn^sh  bones,  was  150-300 

P-  m.,  and  the  quantity  of  mineral  substances  290-563  p.  ni.     Contrary  to 

^he  ereneral  supposition  the  greatest  amount  of  bone-earths  was  not  found  in 

^he  femur,  but  in  the  first  three  cervical  vertebra>.     In  birds  the  tubular 

'^ones  are  richer  in  mineral  substances  than  in  the  flat  bones  (Duuincj),  and 

the  greatest  quantity  of  mineral  bodies  has  been  foimd  in  the  humerus 

(HiLLER,  During  *). 

We  do  not  possess  trustworthy  statements  in  regard  to  the  comj)osition 
of  bones  at  different  ages.  The  analyses  by  E.  Voit  of  l)on(»s  of  do^^s  and 
by  Brubacher  of  bones  of  children  apparently  mdicate  that  the  skeleton 
becomes  poorer  in  water  and  richer  in  ash  with  increase  in  aire.  Gkafffa'- 
berger  *  has  foimd  in  rabbits  6^-7^  years  old  that  the  bones  contained  only 
140-170  p.  m.  water,  while  the  bones  of  the  full-grown  rabbit  2-4  years  old 

»Sce  Chem.  Centralbl.,  1897,  I,  290. 
'  Forrest,  Joum.  of  Physiol.,  17;   Halliburton,  ibid.^  18. 
'  Cited  from  Maly's  Jahresber.,  6. 

*Hiller,  cited  from  Maly's  Jahresber.,  14;   During,  Zcitschr.  f.  physiol.  Chem.,  23. 
*Voit,  Zeitschr.  f.  Biologic,  16;    Brubacher,  ibid.,  27;    Graff enherger  in  Maly's 
Jahresber.,  21. 
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contained  200-240  p.  ni.    The  bones  of  old  rabbits  contain  more  carbon 
dioxide  and  less  calcium  phosphat-e. 

The  composition  of  bones  of  animals  of  different  species  is  but  little  known. 
The  bones  of  birds  roiitiiinj  sls  a  rule,  s<:*mewhat  more  water  than  those  of  mam- 
mafia,  arid  die  bones  of  fishes  contain  the  largest  quantity  of  water.  The  bones 
of  fishes  and  amjihibians  eon  tain  a  ^rreater  iimuunt  of  organic  substance.  The 
bones  of  parhyderms  and  ceta(*eans  contain  a  large  pro|H>rlion  of  calcium  carbo- 
nate: those  of  granivorous  birds  fdways  contain  silicie  acid.  The  bone-ash  of 
amphibians  am!  iishes  contains  sodium  sitlfihatp.  The  bones  of  fishes  seem  to 
contain  more  soluble  salts  than  the  bijues  of  other  animals. 

A  great  many  experiments  have  been  made  to  determine  the  exchange  of 
material  in  the  bonas^for  instance,  with  food  rich  in  lime  and  with  food 
ileficient  in  Hnie — but  the  re^idts  have  always  !)een  doubtful  or  contradic- 
tory. The  attempts,  alsg,  to  substitute  other  alkaline  earths  or  alumina  for 
the  lime  of  the  bones  have  given  contratlictory  results/  On  the  adminis- 
tration of  madder  the  bones  of  the  auiuial  are  found  to  lie  colored  red  after 
a  few  days  or  wc^eks;  but  these  ex i>eri incuts  have  not  leil  to  any  positive 
conclusion  in  regard  to  the  growth  or  metabolism  in  the  bones. 

Under  |>athological  conditionSy  as  in  rachitis  and  softening  of  the  boneSi 
an  ossein  has  been  found  wirich  dt»es  nut  give  any  tyi>ical  gelatine  on  boiUng 
with  water.  Otherwise  pathological  conditions  seem  to  affect  chiefly  the 
quantitative  compo.siti^m  of  the  bones,  and  e.specially  the  relationship  be- 
tween the  organic  and  the  inorganic  substance.  In  exostosis  and  osteo- 
sclerosis the  quantity  of  organic  substance  is  generally  increased.  In  rachitis 
and  osteomalacia  the  C|Uantity  of  hone-earths  is  considerably  decreased. 
Attempts  have  been  made  to  produce  rachitis  in  animals  by  the  use  of  focxl 
deficient  in  lime.  From  experiment's  on  fidly  developed  animals  contradic- 
tory results  have  been  obtaiiit^l.  In  young,  muleveloped  animals  Erwix 
V(UT  ^  producetU  by  lack  of  huie-salts,  a  change  similar  to  rachitis.  In  foll- 
groTvn  animals  the  bones  were  changed  after  a  long  time  because  of  the  lack 
of  lime-salts  in  the  ftKul,  but  did  not  become  soft,  only  thimicr  (ost-eoporosis). 
The  experiments  of  removing  the  lime-salts  from  the  b*>nes  by  the  addition 
of  lactic  acid  to  theftK>d  have  led  to  no  positive  results  (Heit^mann,  Heiss, 
BAdtxsKV  *).  Weiske,  on  the  contrary,  has  shown,  l»y  aflministering  dilute 
sulphuric  acid  or  monosodium  phf>s]>hate  with  tlie  fooii  (presupposing  that 
the  food  gave  no  alkaline  ash)  to  sheep  and  rabbits,  that  the  quantity  of 
mineral  bodies  in  the  bones  might  be  diminished.  On  feeding  continuously 
for  a  long  time  with  a  food  whieh  yielded  an  acid  ash  (cereal  grains)  Weisrb 
has  observed  a  diminution  in  the  mineral  substances  of  the  bones  in  full- 


'8ee  H.  Weiske,  Zeitaehr,  f.  Biologie,  31. 
•SCeitfichr  t  Biologie,  HI 

■  Heitzmann,  Maly's  Jahreaber.,  3,  229;  Heisa,  Zeit^br.  f.  Biologie,  It;  Bagmaky» 
Virchow*8  Arch.,  ^S7, 
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grown  herbivora.*  A  few  investigators  are  of  the  opinion  that  in  rachitis,  as 
in  osteomalacosis,  a  solution  of  the  lime-salts  by  means  of  lactic  acid  takes 
place.  This  was  suggested  by  the  fact  that  O.  Weber  and  C.  Schmidt  * 
found  lactic  acid  in  the  cyst-Uke,  altered  bony  substance  in  osteomalacia. 

Well-known  investigators  have  disputed  the  possibility  of  the  limensalts 
being  washed  from  the  bones  in  osteomalacosis  by  means  of  lactic  acid.  They 
have  given  special  prominence  to  the  fact  that  the  lime-salts  held  in  solution 
by  the  lactic  acid  must  be  deposited  on  neutralization  of  the  acid  by  the 
alkaline  blood.  This  objection  is  not  very  important,  as  the  alkaline  blood- 
«rum  has  the  property  to  a  high  degree  of  holding  earthy  phosphates  in 
solution,  which  fact  can  be  easily  proved.  The  investigations  of  Levy  *  con- 
tradict the  statement  as  to  the  solution  of  the  lime-salts  by  lactic  acid  in 
osteomalacia.  He  has  found  that  the  normal  relationship  6PO4 :  lOCa  is 
retained  in  all  parts  of  the  bones  in  osteomalacia,  which  would  not  be  the 
case  if  the  bone-earths  were  dissolved  by  an  acid.  The  decrease  in  phos- 
phate occurs  in  the  same  quantitative  relationship  as  the  carbonate,  and 
.according  to  Levy  in  osteomalacia  the  exhaustion  of  the  bone  takes  place 
by  a  decalcification  in  which  one  molecule  of  phosphate  carbonate  after  the 
other  is  removed. 

In  rachitis  the  quantity  of  organic  matter  has  been  found  to  vary  between  664 
^nd  811  p.  m.  The  quantity  of  inorganic  substance  was  189-336  p.  m.  These 
figures  refer  to  the  dried  substance.  According  to  Brubacher  rachitic  bones 
are  richer  in  water  than  the  bones  of  healthy  children,  and  poorer  in  mineral  bodies, 
especially  calcium  phosphate.  In  opposition  to  rachitis,  osteomalacosis  is  often 
characterized  by  the  conside  -able  amount  of  fat  in  the  bones,  230-2D0  j).  m. ; 
^ut  as  a  rule  the  composition  varies  so  much  that  the  analyses  are  of  little  value. 
In  a  case  of  osteomalacosis  Chabrie  *  found  a  larger  quantity  of  magnesium 
^jian  calcium  in  a  bone.  The  ash  contained  417  p.  m.  phosphoric  acid,  222  p.  m. 
^e,  269  p.  m.  magnesia,  and  86  p.  m.  carbon  dioxide. 

The  tooth-structure  is  nearly  related,  from  a  chemical  standj^oint,  to 
the  bony  structure. 

Of  the  three  chief  constituents  of  the  teeth — dentin,  enamel,  and 
Cement — the  cement  is  to  be  considered  as  true  bony  structure,  and  as 
such  has  already  been  discussed  to  some  extent.  Dentin  has  the  same 
composition  as  the  bony  structure,  but  contains  somewhat  less  water.  The 
organic  substance  yields  gelatine  on  boilin;;;  but  the  dental  tubes  are 
not  dissolved,  therefore  they  cannot  consist  of  collai^en.  In  dentin  260-2S0 
p.  m.  orpjanic  substance  has  l)cen  foimd.  Enamel  is  an  epithelium  forma- 
tion  containing  a  large  proportion   of  lime-salts.     Corresponding   to   its 

*  See  Maly's  Jahresber.,  22;    also  Weiske,  Zeitschr.  f.   physiol.   Chem.,  20,  and 
Zeitschr.  f.  Biologie,  31. 

'Cited  from  v.  Gomp-Besanez.  Lehrh.  d.  physiol.  Chem.,  4.  Aufl. 

•Zeitflchr.  f.  physiol.  Chem.,  19 

•Cliabri^,  '*Le8  ph^nom^nes  chim.  de  Tossification,"  Paris,  1895,  65. 
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character  and  origin  the  organic  substance  of  the  enainel  does  not  yield  any 
gelatine.  CoMi]jletely  de%'eloped  enanic!  contains  the  least  water,  the  great- 
est quantity  of  mineral  substances,  and  is  the  hardest  of  all  the  tissues  of 
the  l>ody.  In  full-grown  animals  it  contains  hardly  any  water,  and  the 
cjuantity  of  organic  substance  aninunts  to  only  20— iO-68  p.  m.  The  rela- 
tive amounts  of  calcium  and  phosphoric  acid  are,  according  to  the  analvses 
of  Hoppe-Seylek,  about  the  same  as  in  bone-earths.  The  quantity  of 
chlorine  according  to  Hditk-ISeyler  is  remarkably  high,  0.3-0.5  per 
cent,  while  Bertz  *  found  that  the  ash  of  enamel  was  free  from  chlorine 
and  that  dentin  was  very  poor  in  chloriiie. 

Cahnot^,'  who  has  investigated  the  dentin  from  elephants,  has  found  4,3  p.  m. 
calriiim  fluoritle  in  tht*  iish.  In  ivory  ho  found  only  2.0  p.  m.  Dentin  from 
eie|ihuiits  is  rich  in  magnesium  pho.s[>hii,t^,  which  is  sUll  oior    abundant  in  ivory. 

According  to  Gabriel  the  amount  of  fluorine  is  verj^  small  and  amounts 
to  1  p.  m.  in  ox-teeth.  It  is  no  greater  in  the  teeth  and  enamel  than  in 
the  Vwnes.^  Tlie  same  investigator  found  that  the  [ihosphates  are  strikingly 
small  in  the  enanH'l,  and  in  the  teetli  considrnd>le  lime  is  replaced  by  mag- 
nesia. This  coincides  with  Bertz*8  findings^  that  dentin  contains  twice  aa 
much  magnesia  as  the  enameh 

IV.  The  Fatty  Tis?ine. 

The  membranes  of  the  fat-cells  withstand  the  action  of  alcohol  an<f 
ether.  They  are  not  dissoh'ed  by  acetic  acid  nor  by  dilute  mineral  acid^, 
but  are  dissolved  by  artificial  gastric  juice.  They  may  possibly  consist  of  a 
substance  closely  related  to  elastin.  The  fat-cells  contain,  besides  fat,  a 
yellow  pigment  which  in  emaciation  does  not  disappear  so  rapidly  as  the 
fat;  and  this  is  the  reason  that  tlie  subentaneous  cellular  tissue  of  aa 
emaciated  corpse  has  a  dark  orange-red  color.  The  cells  deficient  in  or 
nearly  free  from  fat,  which  remain  after  the  complete  di.sappearance  of  the 
latter,  seem  to  have  an  albuminous  protoplasm  rich  in  water. 

The  less  water  the  fatty  tissue  contiiins  the  richer  it  m  in  fat-  Bchl'LZE 
and  Reinecke  *  found  in  1000  partes 

Water.  Membrane,  Fat, 

Fatty  tissue  of  oxen.  .  • ^,7  Hi . 0  SHTi .7 

'*         **     "sheep ....104.8  mA  878.8 

'*         *'      "  pig» 64.4  13.6  022.0 

The  fat  contained  in  the  fat-cells  consists  chiefly  of  triglycerides  of 
stearic,  palmitic,  and  oleic  acids.  Besides  these,  especially  in  the  less  solid 
kinds  of  fats,  there  are  ^lycerides  of  otlier  fatty  acids.     (See  Chapter  IV.) 

'See  Maly'a  Jahresber.»  30. 
*  Compt.  Tend.,  114. 
»  See  foot-note  2.  page  3G6. 
^Aimal,  d.  Chera.  ii.  Phana.,  142, 
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In  all  animal  fats  there  are  besides  these,  as  Fr.  Hofmann  *  has  shoT^^, 
also  free,  non-volatile  fatty  acids,  although  in  yery  small  amounts. 

Human  fat  is  relatively  rich  in  olein,  the  quantity  in  the  subcutaneous 
fatty  tissue  being  70-80  per  cent  or  more.^  In  new-born  infants  it  is  poorer 
in  oleic  acid  than  in  adults  {KxDPFELMArni:rt,  Siegert,  Jaeckle);  the 
quantity  of  olcin  increases  until  the  end  of  the  first  year,  when  it  is  about 
the  same  as  in  adults.  The  compoBition  of  tlie  fat  in  man  as  well  as  in 
differeat  individuals  of  the  same  species  t»f  animals  is  rather  variable,  a  fact 
which  is  prr^baldy  dependent  upon  the  food.  Aceording  to  the  researches  of 
Henriques  and  Hansen  the  fat  of  the  subcutaneous  fatty  tissue  is  richer 
in  olein  than  that  of  the  interna!  organs;  this  htis  also  been  ubserveil  by 
Leick  and  Winkler.^  In  animals  with  a  thick  subcutaneous  fat  deposit 
the  outer  layers,  according:  to  Hexriques  and  Hansen,  are  richer  in  olein 
than  the  inner  layers.  The  fat  of  cnld-bloodtxl  animals  is  c^specially  rich 
in  okin.  The  fat  of  tbmestie  animals  has,  according  to  Amthor  and  Zink, 
a  less  oily  consistency  and  a  knver  iodine  and  acetyl  ei^uivalent  than  the 
corresponding  fat  of  wild  animals.  Kkeis  and  Hafxer  *  have  prepare<l 
a  mixture!  of  glycerides  from  |iig-fat,  which  contiiined  beside  two  stearic- 
acid  molecules  a  residue,  Cj^HssO,,  which  is  daturic  acid  or  an  acid  isomeric 
with  it.  lender  pathoio^zical  conditions  the  fat  may  have  a  markedly 
pronounced  variation.  The  fat  of  lii>otna  seems,  according  to  Jaeckle, 
to  be  poorer  in  lecithin  than  other  fats. 

The  properties  of  fats  in  general,  and  the  three  most  important  varieties 
of  fat,  have  already  lieen  considered  in  a  previous  chajiter,  hence  the  fonna- 
tion  of  the  adipose  tissue  is  of  chief  interest  at  this  time. 

The  jurmaUon  o/  fat  in  the  ortjanism  mny  occur  in  various  ways.  The 
fat  of  the  animal  body  may  consist  ]>artly  of  absorbed  fat  of  the  food  de- 
posited in  the  tissues,  and  partly  of  fat  formed  in  the  organism  from  other 
bodies,  such  as  proteids  or  carl >u hydrates. 

That  the  fat  of  the  food  which  is  absorbed  in  the  intestinal  canal  may  be 
retained  by  the  tissues  has  been  shown  in  several  ways.  Radziejeu^ki, 
LKiiEDEFF,  and  ]^Iu.NK  have  fed  dt»gs  with  various  fats,  such  as  linsee<:I-oil, 
mutton*talloWp  and  raj>e-seed-(jU,  and  have  aften;\^ards  found  the  adminis- 
tered fat  in  the  tissues.  Hofmann  starv-ed  dogs  until  they  appearetl  to 
ha^T  lost  their  fat  and  then  fed  them  upon  large  quantities  of  fat  and  only 
lillle  proteids.  When  the  animals  were  killed,  he  found  so  large  a  i|uantity 
of  fat  that  it  could  not  have  been  formed  from  the  administere<I  proteids 

'  Ludwig-Festschrift,  1874.     Leipzig. 

^  See  Jaeckle,  Zeitsehr.  f.  physiol.  Chem  ,  36  (literature), 

*  Kiiopfelmacher,  Jahrhuch  f,  KmderheUkiOHle  (N.  V.)^  45  (older  literature); 
Sicgrri,  ITofmeister's  Reitniffo,  I;  Jaeckle,  Zt'Uschr.  f,  physiol  Chern.,  3fi  (literature); 
Henhijues  and  Hansen,  Skand.  Arch.  f.  PhysioL,  11;  Lelck  and  Winkler,  Arch.  f. 
Path,  XI.  Pharm..  48. 

*  Her  a   ri   Them.  Geaellsch,.  36. 
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alone,  but  the  greatest  part  must  have  been  derived  from  the  fat  of  the 

footl.  Pettexkofer  and  \^oit  arrived  at  similar  results  in  regard  to  the 
behavior  of  the  absorbed  fat^  in  the  organism,  though  their  experiments 
were  of  another  kind.  MnxK  has  found  that  on  feeding  with  free  fatty 
acids  these  are  deposited  in  the  tissues,  not,  however,  as  such;  but  tliey 
are  transformed  by  synthesis  '\%ith  glycerine  into  neutral  fats  on  their  pas* 
sage  from  the  intestine  into  the  thoracic  dnct^  and  also  the  connection  between 
the  fat  of  the  food  and  of  the  body  has  been  sho^Ti  by  others,  especially 
RosENFELD.  CoROXEDi  and  March ETTr  and  especially  Wixternitz  ' 
have  recently  shown  that  the  iodized  fat  is  taken  up  in  the  intestinal  tract 
and  deposited  in  the  varioas  orgaas. 

Proteicls  and  carbohydrates  are  considered  as  the  raother-substances  of 
the  fats  formed  in  the  organism. 

The  formation  of  the  so-called  corpse-ivaXy  adijxKere,  which  consists  of  a 
mixture  of  fatty  aciils,  ammonia,  and  lirae-soapSi  from  parts  of  the  corpse 
rich  in  proteids,  is  sometimes  given  as  a  proof  of  the  formation  of  fcUs  from 
proteidn.  The  accuracy  of  this  vie%v  has,  howe%'er,  been  disputed,  and 
many  other  explanations  of  the  ftjrmation  of  this  substance  have  been 
ofFere<L  According  to  the  experiments  of  Kratter  and  K.  B.  Leh\l\nx 
it  seems  as  if  it  were  possible  by  experimental  means  to  convert  animal  tissue 
rich  in  proteids  (rniisclas)  int<3  adipocere  by  the  continuous  action  of  water. 
Irrespective  of  this,  Salko\\'^ki  has  shown  recently  that  in  thp  formation 
of  Miipocere  the  fat  itself  takes  part  in  that  the  olein  ciecomposes  with 
the  fonnation  of  solid  fatty  acids;  still  it  must  I^e  eonsideral  that  lower 
organisms  undoubtedly  take  part  in  its  formation.  The  production  of 
adipocere  as  a  proof  of  the  formation  of  fat  from  proteids  is  disputed  by 
many  investigators  for  this  and  other  reasons. 

Fatty  di^eneration  is  another  proof  of  the  formation  of  fat  from  pro- 
teids. From  the  investigations  of  Bater  on  dogs  and  Leo  on  frogs  it  was 
assmned  that^  at  legist  m  acute  poL^^oning  by  phosphorus,  a  fatly  degenera- 
tion, with  the  fonnation  of  fat  from  proteids,  takes  place.  Pfluger  has 
raised  such  strong  arguments  against  the  older  researches  as  well  as  the  more 
recent  one  of  Polimaxti^  who  claims  to  have  shu^;\^l  the  formation  of  fat 
from  proteids  in  phosphorus  poisoning,  that  we  cannot  consider  the  forma- 
tion of  fat  as  concliLsively  provai.  Recent  investigatiojis  of  Athanasiu, 
Taylor,  and  e?|DecialIy  of  Rosexfkld,'  have  shown  that  in  these  instances 
no  new  formation  of  fat  from  proteid  took  place,  but  rather  a  fat  migration 
(Rosexfeld). 

*Cbronedi  and  Miirchetti,  cited  by  Wintemitz,  Zeitschr.  f.  physiol.  Chem.,  21. 
A  review  of  the  literature  on  fat  fonnation  may  be  found  in  Rosenfdd:  Fetttjildunj;, 
in  Ergebnisse  der  Phvsiolojc;ie,  1,  Abt.  I. 

'Bauer,  Zeit^chr  f  liiologic,  7;  Leo,  Zeitschr.  f.  physiol.  Chem..  9;  Poltmanti, 
Pfluger's  Arch..  70;  P.liigf^r,  i6/r/,,  51  (literature  on  the  fonmitioii  of  fat  from  protoid)  and 
71;  AthanaMiu,  \b%d  ,  74;  Taylor,  Journ.  Exp  Medicine,  I;  ace abo foot-note  5,  pajto 211 
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Another  more  direct  proof  for  the  farmation  of  fat  from  prot^ids  has 
been  given  by  Hofalvnn.  He  experimented  with  fl^^-maggots.  A  num* 
ber  of  these  were  killed  and  the  quantity  of  fat  determinetl.  The  remainaer 
1^'ere  allowed  to  develop  in  blood  whose  proportion  of  fat  hatl  been  previ- 
ously determinet!»  and  after  a  certain  time  they  were  killed  and  analyzed. 
He  found  in  them  from  seven  to  eleven  times  as  much  fat  a.s  was  contained  in 
the  ma^^gots  first  analyzed  and  the  blood  taken  together.  PFLlicjKn  *  has 
made  the  objection  that  a  consitlerable  number  of  lower  fungi  develop  io 
the  l>lood  under  these  eonditions,  in  whose  cell-body  fats  and  carbohydrates 
^re  fonneci  from  the  different  constituents  of  the  blood  and  their  decompo 
lition  products,  and  that  these  s^^^rs'e  as  food  for  the  maggots. 

As  a  more  direct  proof  of  fat  formation  from  proteid-s  the  invcsti;[:ations 
cf  Pkttexkofeh  and  Voit  are  often  quotetl.  These  investigators  fv<l  dogs 
'with  lart;e  quantities  of  meat  eontainin;^:  the  least  possible  proportion  of 
fat,  and  found  all  of  the  nitrogen  in  the  excreta,  but  only  a  part,  of  the 

II     carbon.    As  an  explanation  of  these  conditions  it  has  been  assumed  that 
|he  proteid  of  the  orf:anism  splits  into  a  nitrojrenized  and  a  non-nitrog- 
enized    part,   the    former    chanfring    into   the  nitrogenized   final  product, 
lirea,  and  like  pro^Uicts,  and  the  other,  on  the  contrary',  being  retained 
in  the  organism  as  fat  {Pi:rrKXKOFEK  and  Voir). 
^_       Pflugeb   has  arrj\"cd  at  the  following  conclusion  by  an  exhaustive 
Bbriticism  of  Pettexkdfer  and  Voit's  experiments  and  a  careful  recal- 
culation of  their  balance-sheet;  that  the.se  ver>'  meritorious  investigations, 
which  were    continued  for  a  series  of  years,  were  subject  to  such  great 
lefects  that  they  are  not  conclusive  as  to  the  formation  of  fat  from  pro- 
ids.     He  especially  empliasizes  the  fact  that  these  investigators  started 
m  a  wrong  assumption  as  to  the  elementary  composition  of  the  meat, 
d  that  the  quantity  of  nitrogen  assumetl  by  them  was  t^)o  low"  and  the 
[Uantity  of  carl>on  too  high.     The  relationship  of  nitrogen  to  carbon  in 
leat  poor  in  fat  was  assumeil  by  Voit  to  be  as  1:3.68,  while,  according  to 
PflOger  it  is  1:3.22  for  fat-free  meat  aft-er  deducting  the  glycogen,  and 
according  to  Ruuner  1:3.28  witliout  de<lucting  the  glycogen.     On  recalcu- 
^Jation   of   the   figures   using     these  coefficients,  PFLtluEn  has  arrived  at 
^■tfae  conclusion  that  the  assinnption  as  to  the  formation  of  fat  from  proteids 

finds  no  support  in  these  experiments, 
^^  In  opposition  to  these  objections  E.  Voit  and  M.  Cremeb  have  made 
^hew  feeding  experiments  to  show  the  formation  of  fat  from  proteids,  but 
the  proof  of  these  recent  investigations  has  been  denied  by  Pfligkr.  On 
feeding  a  dog  on  meat  poor  in  fat  (containing  a  known  quantity  of  ether 
extractives,  glycogen,  nitrogen »  water »  and  ash),  Ktjmagawa'  could  not 
prove  the  formation  of  fat  from  proteids*    According  to  him  the  animal 

^  Sec  Rosenfeld,  Fcttbildiutg,  Ergebnisse  der  Fhysiologie,  1,  Abt  L 
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body  under  normal  conditions  has  not  the  power  of  forming  fat  from  pro- 
teid. 

Several  French  investigators,  especially  Chattveau,  Gautier,  and  Kauf- 
jmakn/  consider  the  formation  of  fat  from  proteids  as  positively  proved- 
Kaufmaxx  has  recently  suljstantiatc<l  this  view  by  a  method  which  will 
be  spoken  of  in  detail  in  Chapter  XVIII,  in  which  he  studied  the  nitro- 
gen elimination  aiid  the  respiratory^  gas  exchange  in  conjunction  with  the 
simultaneous  formation  of  heat. 

As  we  are  agreed  that  carbohydrates  and  glycogen,  as  well  as  sugar,  can 
be  formed  from  proteids,  the  fact  cannot  be  denied  that  y)Ossibly  an  indirect 
formation  of  fat  from  proteids,  with  a  carbohydrate  as  an  intermediate 
stept  can  take  place.  The  p^jssiljility  of  a  direct  fat  formation  from  pro- 
teids without  the  carbohydrate  as  intermediary  must  also  l>e  generally  ad* 
mitted,  although  such  a  formation  has  not  been  conclusively  proved. 

According  to  C^auveau  and  Kaupmanx,  in  the  direct  formation  of  fat 
from  proteids  the  fat  is  formed,  be^^ides  urea,  carbon  dioxide,  and  water^ 
as  an  intermediary  product  in  the  oxidation  of  the  proteids,  while  Gautier 
considers  the  herniation  of  fat  from  proteids  as  a  cleavage  without  taking  up 
ox\%en,  Drkchskl  ^  has  calletl  attention  to  the  fact  that  the  proteid 
molecule  prnbaljly  originally  contains  no  radical  with  more  than  six  or 
nine  carbon  atoms.  If  fat  is  formed  from  proteid  in  the  animal  body, 
then,  accordin^^  to  Drechsel,  such  formation  is  not  a  splitting  off  of  fat 
from  the  proteitls,  l)ut  rather  a  synthesis  from  primarily  formed  cleavage 
pro<lucts  of  proteids  winch  are  deficient  in  carlion. 

The  formation  of  fat  from  carbofufdrales  in  the  animal  body  was  first 
suggested  by  Liebu;  This  was  combatctl  for  some  time,  and  until  lately 
it  was  the  general  opinion  that  a  direct  formation  of  fat  from  carbohydrates 
had  not  been  provetb  but  also  tliat  it  was  improbable*  Tlie  undoubtedly 
gre^t  influence  of  the  carbohydrates  on  the  formation  of  fat  as  observed 
and  proven  by  Liebig  was  explained  by  the  statement  that  the  carbo- 
hydrates were  consumcil  instead  of  the  absorlietl  fat  or  that  derived  from 
the  proteids^  hence  they  have  a  sparing  action  on  the  fat.  By  means  of  a 
series  of  nutrition  experiments  with  foods  especially  rich  in  carbohydrates, 
Lawes  and  Gri.ni:nT,  Soxhlet,  Tscher\mnsky,  Meissl.  and  Stromeh  (on 
pigs),  R.  ScHULTZi:,  Chaxjewski,  E.  YoiTand  C.  Lehxl^xx  (on  geese),  L  Muxk 
and  RrnxER  and  Lummert  "  (on  dogs)  apparently  prove  that  a  direct  fonna- 

*  Kaufiiiann,  Arch,  dc  Physiol  (5),  8,  where  the  works  of  Chauvcaii  and  Gautier 
arc  citt?d. 

'  I.*iidenhurg's  Handwurtcrbiich  tier  Chem.,  3»  543. 

*  I^wes  and  Oilbrrt,  Phit  Transactjoiis,  1859,  j^art  2;  Soxhlet,  see  Maly 's  Jfihresber, 
11,  51 ;  Tschen^'msky,  Landwirthsch.,  Versuchitetaat,  29  (cittNJ  from  Maly  a  Jidircsher., 
IS);  Meiasl  and  Stromer,  Wicn.  Sitzungsber,  8W.  Abth.  3;  Schidtze.  Maly's  Jnhreslier, 
11»  47;  Chanlewski,  Zeitsehr;  L  Btologie,  20;  Voit  and  Lehmann,  see  C.  v,  VoH^  SiU- 
uncsber.  d.  k-  bayer.  Akad.  d.  Wissenseh. .  1 8.S5;  I.  Munk,  Virchow  's  Arch.,  101 ;  RuliDer, 
2eitschr.  f.  Biologie,  22;  Lumraert,  Pfliiger's  Arch.,  71. 
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tion  of  fat  from  carbohydrates  does  actually  occur.  The  processes  by 
which  this  formation  takes  place  are  still  unknown.  As  the  carbohydrates 
do  not  contain  as  coniplicatetl  carbon  chains  as  the  fats,  the  formation  of 
fat  from  carbohydrates  must  consist  of  a  synthesis,  in  wliich  the  group 
CHOH  is  converted  into  CH^;   also  a  reduction  must  occur. 

Analogous  to  Nencki 's  view  as  to  the  butyric-acid  fermentation,  when 
from  tlie  sugar  lactic  acid  is  formed  and  from  this  COjH^  and  acetaldchyde 
(CjH/l)  are  pro<luceti,  and  from  this  latter,  by  the  union  of  t%\'0  molecules, 
butyric  acid  is  formeil,  so  ]\Iagxu&-Levy  '  attempts  to  explain  the  forma- 
tion of  fat  in  the  animal  body  from  carbohydrates  by  synthesis  from 
aldehyde  and  reduction.  He  considers  that  the  process  proceeds  in  the 
fullowing  way:  (a)  OC^IIA^^CaHp+OIIa-fCO,  and  (b)  OCjHp+TH, 
=  CJixOj  (stearic  acid)  -fTHp. 

After  feeding  with  very  large  quantities  of  carbohydrates  the  relation- 
ship between  the  inspired  oxygen  and  the  expiral  carbon  dioxide,  i.e.,  the 

CO 
respiratory  quotient  —-^ ,  was  found  greater  than  1  in  certain  cases  (Han- 
riot  and  RiCHET,  Bleibtreu,  Kaufmann,  L.\Lriu\Nife  *).  This  is  explained 
by  the  assumption  that  the  fat  is  formed  from  the  carbohydrate  by  a  cleavage 
setting  free  carbon  dioxide  arul  water  without  taking  up  ox3"gen.  This 
increase  in  the  respiratory  quotient  also  depends  in  part  on  the  increased 
combiLStion  of  the  carbohydrate. 

When  food  contains  an  excess  of  fat  the  superfluous  amount  is  stored 
up  in  the  fatty  tissue,  and  on  partaking  of  food  deficient  in  fat  this  accu- 
mulation hi  quickly  exhausted.  There  is  perhaps  not  one  of  the  various  tis- 
sues that  decreases  so  much  in  star\'ation  as  the  fatty  tissue.  The  orgaoiam, 
then,  p r)ss(}sses  in  tliis  tissue  a  depot  where  there  is  stored  during  proper 
alimentation  a  nutritive  substance  of  great  importance  in  the  development 
of  heat  and  vital  force,  which  substance,  on  insufficient  nutrition,  is  given 
off  as  may  be  needed.  On  account  of  their  low  conducting  power  the  fatty 
tissues  become  of  great  importance  in  regulating  the  loss  of  heat  from  the 
body.  They  also  Herve  to  fill  cavities  and  as  a  protection  and  support  to 
certain  internal  organs. 


»  Arck  r  (Amt.  u.)  Physiol.,  1901. 

'  Hanriot  and  Ricbet,  Annal  de  Chim.  et  de  Phys.  (6),  22;   Bleibtreu,  POiiger's 
Arch.,  ^  and  85;  Kaufmaan,  Arch,  de  PhyBiol.  (5),  8;  Laulani^,  ibid.,  791. 


CTIAPTER  XI, 

MUSCLES. 


Striated  Mii8cles« 

In  the  study  of  the  muscles  the  chief  problem  for  physiologicRl  chefih 
istiy  is  to  isolate  tlieir  different  mori)lioluf!:ica!  elements  and  to  investigate 
each  element  separately.  By  reason  of  the  complicated  stnictnre  of  the 
muscles  this  has  been  thus  far  almost  impossible,  and  we  must  be  satisfied 
at  the  present  time  uith  a  few  microeheinical  reactions  in  the  investi- 
gation of  the  chemical  composition  of  the  muscular  fibres. 

Each  musele-tube  or  rauscle-fibne  consists  of  a  sheath,  the  SAHCOLOiMi, 
which  seems  to  be  composed  of  a  substance  similar  to  elastin,  and  contiiii^* 
ing  a  large  proportion  of  proteid.    This  last,  which   in   life  possesses  the 
power  of  contraetility,  has  in  the  inactive  muscle  an  alkaline  reacticin,  tir. 
more  correctly  speaking,  an  amphoteric  reaction  with  a  predoniumtiug 
action  on  red  litmus  paper.     Rohmaxn  has  found  that  the  fres-h,  inactive 
muscle  shows  an  alkaline  reaction  with  red  lacmoid,  and  an  acid  reactioB 
with  broiivii  turmeric.     Fn)m  the  behavior  of  these  coloring-matters  witb 
various  acids  and  salts  he  concludes  that  the  alkalinity  of  the  fresh  muscl<^ 
with  lacmoid  is  due  to  sodium  bicarbonate,  diphosphate,  and  probably  ako 
to  an  alkaline  combination  of  proteid  bodies^  and  the  acid  reaction  with 
turmeric,  on  the  contrar>%  to  monophosphate  chiefly.    The  dead  musck 
has  an  acid  reaction,  or  more  correct ly  the  acidity  with  turmeric  increased 
on  the  decease  of  the  miiscle,  and  the  alkalinity  with  lacmoid  decrease?* 
The  difTerence  depends  on  the  presence  of  a  larger  quantity  of  monophos- 
phate in  the  dead  muscle,  and  accorthng  to  Koumaxn  free  lactic  acid  fe 
found  in  neither  the  one  case  nor  the  other.* 

If  the  somewhat  dLspute<:l  statements  relative  to  the  finer  structure  of  the 
muscles  are  disregarded,  one  can  ditlerentiate  in  the  striated  muscles  be- 
tween the  tw*o  chief  components,  the  doubly  refracting — anisotropou^ — and 
the  singly  refracting— K^ofropo^s — substance.  If  the  muscular  filires  arc 
treated  with  reagents  which  dissolve  proteids,  such  as  dilute  hydrochloric 
acid,  soda  solution,  or  gastric  juice,  they  swell  greatly  and  break  up  into 

*  The  various  theories  in  regard  to  the  reaction  of  the  muacles  and  the  cause  thereof 
are  conflicting.  See  Rohmann,  Pfluger*s  Arch.»  ."iO  and  5o;  HeflTter,  Arch.  f.  exp. 
PaUl  u.  Phaim,,  31  tmd  38.     These  references  contain  the  pertinent  literature, 
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•'Bowman's  disks,**  By  the  action  of  alcohol,  chromic  acid,  boiling  wat^r, 
or  in  general  such  reagents  as  cause  a  shrinking,  the  fibres  split  longitu- 
dinally into  fibrils;  and  this  behavior  shows  that  several  chemically  differ- 
ent substances  of  various  solubilities  enter  into  the  construction  of  the  mus- 
cular fibres. 

The  proteitl  myosin  Ls  generally  considered  as  the  chief  constituent  of 
the  diagonal  disks,  while  the  isotropous  substance  contains  the  chief  mass 
of  the  other  proteids  of  the  muscles  as  well  as  the  chief  portion  of  the  ex- 
tractives. Accorthng  to  the  obser\'atkms  of  Dantlkwsky,  confirmed  by 
J,  Holmgren,'  myosin  may  be  completely  extracted  from  the  muscle  with- 
out changing  its  structure,  by  means  of  a  5  per  cent  solution  of  ammonium 
rhlf>ride,  which  fact  contradicts  the  above  view.  Danilewsky  claims  that 
another  proteitl-like  substance,  insoluble  in  ammotiitim  chloride  and  only 
swelling  up  therein,  enters  assentially  into  the  stmcture  of  the  muscles. 
The  proteidy,  which  fonn  the  chief  part  of  the  soUds  of  the  muscles,  are  of 
the  greatest  importance, 

Proteids  of  the  Muscles* 

Like  the  blood  which  contains  a  fluid,  the  blood-plasma,  which  sponta- 
neously coagulates,  separating  fibrin  and  yielding  blorKksonim,  so  also  the 
living  muscle,  at  least  of  cold-blooded  animals,  contains,  as  first  shown  by 
KuHNE,  a  spontaneously  coagulating  liquid^  the  muscle-plasma,  which  coagu- 
lates quickly,  separatiat!;  a  proteid  body,  myosin,  and  yielding  also  a  serum. 
That  liquid  which  Is  obtainc<l  by  pressing  the  living  muscle  is  callcfl  muscle^ 
plasma,  while  that  obtained  from  the  dead  muscle  is  called  mmde'Serum, 
These  two  fluids  contain  different  proteid  Iwdies. 

Muscle-plasma  was  first  prepareti  by  Kuhxe  from  frog-muscles,  and 
later  by  Haluburton,  according  to  the  same  method,  from  the  muscles 
of  warra-blooded  animals,  especially  rabliits,  Tlie  principle  r^f  this  methort 
is  as  follo^^^:  The  blood  is  remuve<l  from  the  muscles  injmediately  after 
the  death  of  the  animal  by  passing  through  them  a  strongly  cooled  common- 
saH solution  of  5-6  p.  m.  Then  the  muscles  are  quickly  cut  and  immediately 
thoroughly  frozen  so  that  they  can  be  ground  in  this  state  to  a  fine  mass — 
"muscle-snow/*  This  pulp  is  strongly  pressed  in  the  cold,  and  the  liquid 
which  exudes  is  called  rnuscle-plasma.  According  to  v.  Furto  ^  this  cooh^ng 
or  freezing  is  not  necessa^\^  It  Ls  sufficient  to  extract  the  muscle  free  from 
blood,  as  above  directed,  \»ith  a  6  p.  m.  common-salt  solution. 

*  Daailewsky,  Zeitschr.  f.  pbysiol.  Chem.,  7;   J.  Holmgren.  Mdy's  J&hresber.,  23. 

'Sec  Kuhne,  rntersuchungen  iiher  das  Protoplaama  (Leipzig,  1864),  2;  Ihillihur' 
ton,  Joum.  of  Physiol,  8;  v.  Fiirth,  Arch.  f.  exp.  Path.  u.  Pharm.,  36  and  37;  Hof- 
raetiter'e  Beitruge.  3^  and  Ergebnisse  der  Phyaiologie.  1,  Abt,  I;  Stewart  and  SoU- 
mann.  Joum.  of  PhysioL,  24. 
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Muack-plaaExiA  fotms  a  yellow  to  brownisb-colored  fluid  with  in  akaline 
leactioii.  It  is  somewhat  different  in  different  animals.  Muscle-plasma 
Xrom  the  frog  spc^taneously  coagulates  slowhr  at  a  little  above  0^  C\,  hut 
.quicker  at  the  tempemture  of  the  body.  Mtiscle-plasma  from  mammals 
coagulates^  according  to  v.  Fubth,  even  slowly  at  the  temperature  of  the 
foom,  though  only  slightly,  and  it  can  hardly  be  considered  as  a  process 
comparable  with  the  coagulation  of  the  blood.  Indeed  the  question  may  be 
^aked  whether  a  true  miiscle-plasma  does  exist  in  warm-blooded  animak, 
or  whether  the  fluid  obtained  from  such  muscles  exactly  represents  the 
plaama  of  the  U^ing  muscle.  According  to  KI^hxe  and  v,  Furth  the  reac- 
tion remains  alkaline  during  coagulation,  while  acc^^rding  to  Hj^luburton, 
SrirwAirr  and  Sollm.\xn%  it  becomes  acid.  According  to  the  older  views 
the  clot  consists  of  globulin  and  myosin,  whQe  v.  Fcbth  claims  that  it  con- 
sists of  two  eoagulable  proteids,  myosin  fibrin  and  myogen  fibrin. 

The  study  of  the  proteids  of  the  museles^  as  weU  as  their  nomenclature, 
lias  changed  markedly  in  the  last  few  years  and  it  is  questionable  whether 
nn  essential  differejice  exists  between  the  proteids  of  the  muscle-plasma  and 
the  muscle-serum  of  warm-blooded  animals.  Nevertheless  it  b  necessary 
to  separate!}^  discuss  the  proteids  of  the  dead  muscles  as  well  as  those  o 
the  muscle-plasma. 

The  proteids  of  Oie  dead  musde  are  in  part  soluble  in  water  or  dilute 
salt  solutions,  and  part  are  insoluble  therdn.  M>'0£in  and  musculin  and 
Blao  myjglobulin  and  myoalbumin,  which  exist  to  a  \'er\*  slight  extent  and 
are  perhaps  onl}'  derived  from  the  remaining  h-mph,  belong  to  the  first 
group,  and  the  stroma  substances  of  the  muscle-tubes  belong  to  the  second 
group. 

Myosin  was  first  discovered  by  Kuhxe,  and  constitutes  the  princtpat 
roaas  of  the  soluble  proteids  of  the  dead  muscle,  and  is  generally  considered 
as  the  most  essential  coagulation  product  of  nuLseloplasma,  With  the 
Dame  myosin  Kchne  also  decignates  the  mother-substance  of  the  plasma- 
clot,  and  this  mother-substance  forms,  according  to  certain  investigators, 
the  chief  mass  of  contractile  protoplasm.  The  statements  as  to  the  occur- 
T(*nce  of  myosin  in  other  organs  besides  the  muscles  require  further  proof. 
The  quantity  of  myosin  in  the  muscles  of  different  animals  varies,  accord- 
ing to  Daxilewsky,*  betviecn  30  and  110  p.  m. 

Myosin,  as  obtaine<l  from  dead  muscles,  is  a  globulin  whose  elementary* 
compijsition,  according  to  Chittexoen  and  CtTMMixs,*  is,  on  an  average, 
the  following:  C  52.82,  H  7.11,  X  16.17,  S.  1.27.  O  22.03  per  cent.  U  the 
myosin  separates  as  fibres,  or  if  a  myosin  solution  with  a  minimum  quantit\' 
of  alkali  is  allowed  to  evaporate  on  a  microscope-slide  to  a  gelatinous  mass, 
doubly  refracting  myosin  may  be  obtained,    ilyosin  has  the  general  prop- 

•  Z^tecbr.  f.  pbysioL  Chen^.^  7. 

'Studies  from  the  PhymoL  Chzm.  Latxiraioiy  of  Yale  College,  New  Haven,  Z^  115* 
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erties  of  the  globulins.  It  is  insoluble  in  water,  but  soluble  in  dilute  saline 
fiolutions  as  well  as  dilute  acids  or  alkalies,  which  readily  convert  it  into 
albuminates.  It  is  rompletely  precipitatecl  upun  saturation  with  NaCl,  alsa 
by  ^IgSO^,  in  a  sQhititjii  containing  94  jier  cent  of  the  salt  with  its  water  of 
crystallization  (Hallidurton).  The  precipitated  myosin  becomes  insoluble 
readily.  Like  fibnnojLceu  it  coagulates  at  56^  C.  in  a  solution  containin:^ 
conunon  salt,  but  dilTers  from  it  since  under  no  circumstances  can  it  lie 
converted  into  fibrin.  The  coan:nlation  temperature,  according  to  Chhten* 
DEX  and  Ci*MMlN.s.  not  only  varies  for  myosins  of  different  origin,  but  also 
for  the  same  myos'm  in  illffcrent  salt  sokitions, 

M^'osin  may  be  prepareil  in  the  following  way,  as  suggested  by  Halli- 
burton: The  muscle  is  first  extractrnl  by  a  5  per  cent  maguesinm-snlphate 
solution.  The  filtered  extract  is  then  treateil  with  magnesium  suljdiatc  in 
sulistance  until  100  c.  c.  of  the  litiuid  contains  about  50  grams  of  the  salt. 
The  so-calle<l  paramyosinogen  or  museuliii  separates.  The  filtere<l  liquid 
is  then  treated  %vith  magnesium  sulphate  until  each  100  c.  c.  of  the  liquid 
holds  94  grams  o(  the  stilt  in  s^jlutiou.  The  myirsin  which  now  separates 
is  iiltercfl  off,  diss^dved  in  water  by  aid  of  the  retainc<l  salt,  precipitated 
by  diluting  with  water,  and,  when  necessary,  purified  l)y  redlssolvinij  in 
dilute  salt  sfdntitm  and  preeipitatitig  with  water. 

The  older  and  perlmps  the  usual  methocl  of  ]>reparation  consists,  accord- 
ing to  Damlkwskv/  ill  extracting  the  nuiscle  with  a  5-10  per  cent  auuno- 
ninni-f?hloride  solutiout  precipitating  the  myositi  from  the  filtrate  by 
fttrongly  diluting  with  water,  redisst4ving  the  precipitate  in  ammonium- 
chloride  solution,  and  the  myosin  obtained  from  this  solntion  is  cither 
reprecipitated  by  diluting  with  water  or  by  removing  the  salt  by  dialysis. 

Musculin,'  called  Paramyosinogen  by  HALLinuRTON.and  Myosin  by  v. 
Fl^RTH,  is  a  globulin  which  is  character izetl  by  its  low  coagulation  tempera- 
ture, about  47^  C,  which  may  vary  in  different  species  of  animals  (45^ 
ill  frogs,  51*^0.  in  birds).  It  is  more  easily  precipitated  tlian  myosm  by 
NaCl  ur  MgS(\  (salt  containing  50  per  cent  water  of  crystallization)*  Ac- 
cording to  V.  Ff  RTH  it  is  preciiutateil  by  anmionium  sulphate  with  a  con- 
centration of  12-24  pvT  cent  salt.  If  the  dead  muscle  is  ex-tracte*!  with 
water  a  part  of  the  musculin  goes  into  solution  and  may  be  precipitated 
therefrom  by  carefully  acidifying.  It  separates  from  a  dilute  salt  solution 
on  dialysis,  JIusculin  readily  passes  into  an  insoluljle  modification  which 
V.  FuRTii  calls  myosin  fibritu  Musculin  is  called  myosin  l»y  v.  Ft' rth,  as 
he  considers  it  nothing  but  myosin.  As  muscuhn  has  a  lower  coagulatioa 
temperature  and  has  other  precipitating  properties  for  neutral  salts  than 
the  older  substance  called  myosin,  it  is  difficult  to  concede  to  this  view. 


*  Zeitacljr.  f.  pbyaiol.  CI  tern..  5,  15>, 

'  As  W€  hiive  up  to  the  present  no  eonclusire  basis  for  the  identity  of  the  KloljiiUnn 
called  nw«tein  an. I  paramyosinogen,  and  aJ^o  as  the  use  of  the  name  myosin  for  the  last- 
>  fneniioneti  sub^tfiuee  mjiy  readily  cause  coniusion«  the  author  doea  not  feel  justified 
[in  dropping  the  old  name  miKsenlm  (NiL^se^, 
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^fyog^obulin,  After  the  separation  of  the  musculin  and  the  myosin  from  the 
«alt  extract  of  the  muscle  by  means  of  MgSO^  the  myoglobuUn  may  be  precipitated 
by  saturating  the  filtrate  with  the  salt.  It  is  similar  to  8erglobulin,  but  coagu- 
lates at  63**  C.  (H  ALU  BURTON).  Mifoolbumw,  oT  muscle-albumin,  seems  to  be 
identical  with  senilbumin  (seralbumin  a,  according  taHALU burton),  and  prob- 
ably only  originates  from  the  blood  or  the  l\Tnpn,  Proteoses  and  peptones  do 
not  stvm  to  exist  in  the  fresh  muscles. 

After  the  complete  removal  from  the  miiscle  of  all  proteid  bodies  which 
are  s*»luMe  in  water  and  ammonium  chloride,  an  insoluble  proteid  remains 
which  only  s\vells  in  ammonium-chloride  solution  and  which  forms  with 
iho  other  insi>luble  constituents  of  the  muscular  fibre  the  ^^musdestroma,*^ 
Acconling  to  Daxilkwsky  the  amoimt  of  such  stroma  substance  is  con- 
ntvtiHl  with  the  muscle  activity.  He  maintains  that  the  muscles  contain 
a  creator  amount  of  this  sul>stance,  c^mipareil  with  the  myosin  present, 
when  the  musilos  are  quickly  ci^ntracteii  and  relaxed. 

Acix^nling  to  J.  Holmc.rkx  *  this  stroma  substance  does  not  belong  to 
either  the  nuclooalbumin  or  the  nucleoproteid  group.  It  is  not  a  gluco- 
pnuoid,  as  it  divs  not  yield  a  reiiucing  substance  when  boiled  with  dilute 
minoral  acids,  Ii  is  vor\-  similar  to  the  coagulable  proteids  and  dissolves 
in  dilute  alkalies,  fonnins:  an  albuminate.  The  elomentar}-  coniposiiion  of 
this  substsniv  is  nearly  the  same  as  iliai  of  myosin.  There  is  no  doub. 
th.i:  The  ins^^luble  sul^tances.  n\vo!ibr::i  a:id  !:r»\>si:i  fibnn.  which  are 
fi^r::.i\:.  aiHvrviiiis:  to  v.  Tikth,  in  ihe  iVAiTV.larlo::  o:  the  plasma,  occur  al?o 
a::^^!u:  iho  s:n.^::ia  subsicuiivs.  W::o::  :ho  :r-v.>.\*>  are  previously  extTacte«l 
v::V.  ^va:o^  :ho  5:rv^!v.:i  siilw-.arivo  al^^^  ».v:::a::is  ii  rar:  o:  :he  n:yo>:::  hereby 
r::i-;e  :::sv  luMe.  T  *  :hc  vr.>:o:.:>  :::s.  I\:Mo  :::  w^T^r  i::  1  ::r:::ril  <»al:s  l^^lonirs 
i::e  v..  *:■.; -"v  ..f  .^:<\:o.I  ly  Piix:  lhvrivj.-  iiii.I  ^^jurriiiz  is  :raovs  ani 
s.-MV*e  :::  ::i:!::-y  :ilk;il:::e  ^v:i:<:r.  ii::.:  -^h:.::  ^rir:::itf*?  y::l\aMy  frrm  :he 
i::.:>.'\  :..:.'-.:.  A.v-.^r.lir^  '..^  >.^rrvi."  s:. ;  l^i\  :'£s.>::  :he  hr^ar:  ziusole  is 
rlvrhvr  :::  ::\:;>. :  r/:^:.:  :ha::  :he  skilt:^!  :::m<.1;. 

CLVr  A  £T*.',x*«:'  AV*!"-!.!":    ".    *.  r\vl'.  I'jk'c   '.Il-il.  .'.JltT  .-..-.*.  .'...  -LI"."./— >.  J*:"r:Z15  !j.*   t*.    ■>.'»"' UT 

f^v-'v%*  ;■  t'^-r  .^rv«r.-V-p'T.*^A:.     As  sS?^'v  5:a:o.i   ny.^ir.  -s^is  oriir-srilv 

n:";.>*'!-^'.  ilivr::-':  A>  j.'.  '..••.'.-• -j^ir-A  :r.-:7\"  :<  *r:'S;r.:  jl  rL>;*2':r->«:sriz.  .v  -f 
trr.-V  r'T-T-'.-^vr  ?*.■  jJ.s.  :.>.r\'  -  .v-^'^  :r.  :"r-;  '\.  .«>  ".--*.  ^.i^r.:^  i.  rL*.:"2':T-^*i"::>~jj:  .e 
of  I'-iv.^sii:.  i  -H.-M  .T  ".V  >^:  r  s  •'•,*.<  •  ♦;•.  T.-.-<  -oi;-  :ii>  r«::  :>.  i^  fir 
Iv^ ::  ^ .  Li : c»i  "•  1 "  -  -*^ r: .l." : y    11  a li: :- •; :-. r-  n  •^  *•".■:  r^*^  i-: : cv : ei  iz. : h»r  zi\js: l-es 
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an  enz3rme-like  substance,  "myosin  ferment/*  has  also  found  that  a  solu- 
tion of  purified  myosin,  in  dilute  salt  solution  (5  per  cent  MgSO^),  and  suffi- 
ciently diluted  with  water,  coagulates  after  a  certain  time,  and  at  the  same 
time  becomes  acid,  and  a  t3rpical  myosin-clot  separates.  This  coagulation, 
which  is  accelerated  by  warming  or  by  the  addition  of  myosin  ferment,  is, 
according  to  Halliburton,  a  process  analogous  to  the  coagulation  of  the 
muscle-plasma.  According  to  this  same  investigator,  myosin  when  dis- 
fioked  in  water  by  the  aid  of  a  neutral  salt  is  reconverted  into  myosinogen, 
vhDe  after  diluting  with  water  myosin  is  again  produced  from  the  myosin- 
ogen. The  musculin  (paramyosino2:en)  is  carried  down,  according  to  Hal- 
liburton, with  the  myosin-clot,  but  has  nothing  to  do  with  the  coagulation, 
*8  the  myosin-clot  forms  also  in  the  absence  of  musculin,  and  this  last  is  not 
changed  into  myosin. 

Besides  the  traces  of  globulin  and  albumin,  which  perhaps  do  not  belong 
to  the  muscle-plasma,  there  occur  in  mammals,  according  to  v.  FtJRTH,  two 
proteids,  namely,  musculin  (myosin  according  to  v.  FtJRTH)  and  myogen. 

Musculin  (Nasse)  =paramyosino'];en  (Halliburton)  =  myosin  (v. 
f  Grth)  forms  about  20  per  cent  of  the  total  proteids  of  the  musclo-plasma 
of  rabbits.  Its  properties  have  already  been  given,  and  it  is  sufficient  to 
Remark  that  its  solutions  become  cloudy  on  standing,  and  a  precipitate  of 
Myosin  fibrin  occurs,  which  is  insoluble  in  salt  solutions. 

Myogen,  or  myosinogen  (Halliburton),  forms  the  chief  mass,  75-80 
t>er  cent  of  the  proteids  of  rabbit-muscle  plasma.  It  does  not  separate  from 
its  solutions  on  dialysis  and  is  not  a  true  globulin,  but  a  proteid  sui  generis. 
It  coagulates  at  55-65°  C.  and  is  precipitated  in  the  presence  of  24-40  per 
cent  ammonium  sulphate.  Myogen  solutions  are  precipitated  by  acetic 
acid  only  in  the  presence  of  some  salt.  It  is  converted  into  an  albuminate 
by  alkalies,  this  albuminate  being  precipitable  by  ammonium  chloride. 
Myogen  passes  spontaneously,  especially  with  higher  temperatures  a.s  well 
as  in  the  presence  of  salt,  into  an  insoluble  modification,  myogen  fibrin,  A 
proteid,  coagulating  at  30-40°  C,  soluble  myogen  fibrin  is  produced  as  a  solu- 
ble intermediate  step.  This  substance  occurs  to  a  considerable  extent  in 
native  frog-muscle  plasma.  It  does  not  always  occur  in  the  muscle-plasma 
of  warm-blooded  animals,  and  when  it  docs  it  is  present  only  to  a  slight 
extent.  It  can  be  separated  by  precipitating  with  salt  or  by  diffusion.  Hal- 
liburton 's  assumption  as  to  the  action  of  a  special  myosin  ferment  has  not 
sufficient  basis,  according  to  v.  Furth,  nor  has  the  often-admitted  analogy 
with  the  coagulation  of  the  blood.  The  difference  between  the  muscufin 
and  the  myogen  becoming  insoluble  is  that  the  musculin  passes  into  myosin 
fibrin  without  any  soluble  intermediate  steps. 

Myogen  may  be  prepared,  according  to  v.  FOrth,  by  transiently  heating 
the  dialyzed  and  filtered  plasma  to  52°  C,  separating  it  in  this  way  from  the 
rest  of  the  musculin.    The  myogen  exists  in  the  ncAv  filtrate  and  can  be 
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precipitatol  by  ammonium  sulphate.  The  musculin  may  also  be  reraov^ed 
by  adding  2S  per  rent  ammonium  sulf^hate  and  then  precipitating  the  myogen 
from  the  filtrate  by  saturating  with  ih^  salt, 

Stewart  and  Sollmaxx  admit  of  only  two  soluble  proteids  in  the  mus- 
cles. One  is  the  paramyosinogen!  which  is  the  same  as  v.  Furth  *s  myosin  + 
the  soluble  myogenfilirin.  The  other  they  call  myosino,i:en ,  which  corrcf^pnnds 
to  Y.  Fitrth's  myogen  or  to  IlAi^LiBURTt.ix*?^  myosinogen +myo^lobulin. 
It  IS  an  at>^7ical  globulin  which  coaj^ulates  at  50-60°  C.  The  paramyosinogen 
as  "well  as  the  myosinogen  are  readily  converted  info  an  insoluble  modifi- 
cation,  myosin.  The  myosin  of  the  above  investigators  is  the  same  as 
V.  Furth  *s  myosin  fibrin  -f  myogen  fibrin,  and  corresponds,  it  seems » also  to 
myosin  mixed  with  paramyosinogen  {Hallioltrtj3n).  Stewart  and  SoLLr 
MANX  dilTer  from  ILalLLIburton  in  considering  that  paramyosinogen  also 
coagulates  and  is  converteil  into  myosin.  According  to  them  myosin  is 
also  insoluble  in  a  NaCl  solution. 

The  views  of  the  various  investigators  differ  so  essentially  and  the  nomen- 
clature is  so  complicated  (four  different  things  are  designatetl  by  the  name 
myosin)  that  it  is  extremely  diffieult  to  give  any  correct  review  of  the  vari- 
ous notions.^     Thorough  investigations  on  this  subject  are  very  necessary. 

Myoproieid  is  a  proteid  found  by  \\  Furth  in  the  plasma  from  fish- 
muscles.  It  does  not  coagulate  on  boiling,  is  precipitated  by  acetic  acid, 
and  considered  as  a  compound  proteid  l>y  v.  Fuf<th, 

In  connection  with  v.  FtjnTH's  work,  Prxibram  has  carried  on  investigations 
on  the  oi'f'urrerK^e  of  nniscle  proteidj^  in  viirioiis;;  {'liks,sea  of  animnls.  The  myosin 
(v.  FIthtu)  and  inyo^;en  occur  in  all  classes  of  vertebrates;  the  myogen  is  ahva\'S 
abnerit  in  the  invert  eh  rates.  Jlyo  proteid  occurs^  at  least  in  considerable  quantity, 
only  in  fishes.  In  I  lie  musele  after  cntling  the  nerve  Steyrkr'  found  somewhat 
more  musculin  and  letss  myogen  in  the  muscle  juice  than  in  the  normal  muscle. 

Mttsele-pigments.  There  is  no  question  that  the  red  color  of  the  nniscles 
even  when  coiujvletely  freed  from  blood  depends  in  part  on  haemoglobin. 
K.  ^loRNER  has  shown  that  muscle  hiemo^i;lobin  is  not  quite  identical  \\ilh 
blood-h.Tmoglobin.  The  statement  of  MacMuxx,  that  m  the  muscles 
another  ijigmeat  occurs  which  is  allied  to  hLcmochromogen  and  called  myo- 
hmmaiin  by  him,  has  not  been  substantiated,  at  least  for  muscles  of  higher 
animals  (Lf.yy  ami  Morxer  *).  MacMuxn  claims  that  myohiematin  occurs 
in  tlie  muscles  of  insects,  which  do  not  contain  any  haemoglobin. 

The  reddish-yellow  eoloring-matter  of  the  muscles  of  the  salmon  has  been  little 
studied.     Among  the  enzymes  of  the  muscles  besides  traces  of  fibrin  ferment > 

*  For  these  reasons  thf  juithar  is  not  sure  whether  he  has  undergtood  aad  correctly 
^ven  the  work  of  the  ilifTerent  investigators. 

*  Przibram,  Hofmeister*s  Beitrage^  2;  Steyrer,  ibid.,  4. 

•See  MaoMufin*  Phil.  Tmns.  of  Roy.  Soc.  177 »  part  I,  Joum*  of  Physiol,  8.  and 
2cit«chr  f  physiol  Chem.,  13;  Le\^,  ihid.,  15;  K.  Moraer,  Xord.  Med.  Archiv,  Fest- 
ut]  VlfOy's  Jahresber,,  27, 


EXTRACTIVE  BODIES  OF  THE  MUSCLES. 


383 


myosin  ferment,  and  amylolytic  fennent  we  must  especially  mention  a  glycolytic 
cnzj'TTie  (Bri^nton  nd  HfK^DEs)  and  the  proteolvtk'  enssyme^  closely  studied  by 
Hedin  and  Roi^T.ANt)/  whirh  maybe  active  in  acid  as  welt  as  neiitnd  and  alkaline 
solutions.  The  jxiwer  of  the  muscle  juit^n  of  destroyinK  sugar  in  the  presence  of 
the  pantTea^  (see  Chapter  \'III),  as  first  shown  by  Coknheim,  also  belongs  perhaps 
to  the  enz}Tne  action. 

[  Extractive  Boilies  of  the  MitBeles* 

The  nitrop:eTioiis  extractives  consist  chiefly  of  crajtine^  on  an  avera.f^e  of 
1^  p.  m.,  in  the  fresh  iniiseles  cuntaininf^T^ater,  also  the  punn  bases,  hypoxan^ 
ihine  and  xnnlhine,  besides  gminine  and  carninc,  but  chiefly  hypoxanthine* 
The  purin  bases  probably  do  not  occur  as  such  but  as  contplex  combinations. 
The  quantity  of  liilrojzen  a.s  punii  bases  amounts,  aeeonlin^  ff>  Bukian  and 
Hall,  in  the  frash  Hesh  of  the  horse,  ox,  and  calf  to  0.55,  0.63,  and  0.71 
p.  m.  respectively,  or  1.3-1.7  p.  m.,  ealculatetl  as  h\^oxanthine.  In  the 
embr>'onlc  ox-niuseles  Kosskl  *  found  more  guanine  than  hypoxanthijie. 

Annon^'i;  the  habituall^^  oceiirrin^  nitrogenous  extraeti%^es  we  shinild  men- 
tion phosphocartiic  add  and  also  iiiosinic  acid,  which  is  perhaps  allied  to  it 
and  cnrnosin. 

Among  the  extractive  subs  ances  is  also  found  the  acid  no;  iced  by  LrMPRiCHT 
in  the  flesh  of  certain  cvprinidea,  namely,  the  nitrogenized  prolic  acid  mid  isstnra- 
timnr^  found  by  .L  Theskn  in  lish-flesh*  Uric  ticid,  urea,  tnunn,  and  kudu  are 
found  as  truces  in  the  muscles,  in  ecrlain  cases  ihiK,  of  a  few  species  of  animals 
In  regard  t  *  the  aniciint  of  these  ditTcrent  extract  ves  in  tlie  muscles,  Kat  kem- 
BERG  and  Wagnek  *  have  shown  that  it  varies  greatly  in  thfTcrent  animals.  A 
I  large  quantity  of  urea  is  fomid  in  the  musckvs  of  the  .shark  and  ray;  uric  acid  is 
found  in  alligators;  taiinn  in  ccphahipoda;  gbfc^Kol!  in  mollusks,  pecten  rrradians; 
and  creatinine  in  luvarns  iniperiidis,  etc.,  etc.  The  reports  are  very  contra- 
dictory in  regard  to  the  o<'currence  of  urea  in  the  muscles  of  higher  animals. 
Ac(*ordirig  to  the  investigations  of  Kaifmann  and  SrnfiMmaFF,  confirmed  by 
Brunton-Hlakie,*  urea  is  a  regular  constituent  of  the  muscles,  although 
M.  Nencki  and  Kowakski  dispute  this. 


The  xanthine  bodies  w^ith  the  exception  of  carnine  have  been  treated 
pages  132-137.  and  therefore  among  the  extractive  bodies  we  will  first 
sider  the  creatine. 


■  T! 
^Kpu  pi 
^HODsii 

^m      Creatine,  C^H^NA' 

"  acetic    acid,  occurs    in    the  muscles   of   vertebrate   animals   in  variable 


(HN)C 


y 


NH, 


\n(CHs).CH3,CO0H 


or  niethylguanidin- 


1  Brunton  and  Rhodes^  CentralhL  f.  Physiol.,  12;  Hedin  and  Rowland,  Zeitschr, 
f.  physiol  Chem  ,  S*2. 

*Burian  and  Hall,  Zeit-achr,  f.  physioL  Chera.,  38;  Kosad,  ibid,,  8,  408. 

•See  Limpricht,  Aanal  de  Chem.  \i.  Pharm.,  127,  and  Thesen,  Zeitschr.  f*  physioL 
Chero.,  24. 

♦  Zeitschr.  f.  Biologie,  21. 

•Kaufmann,  Arch,  de  Ph}'siol.  (5^),  0;  SchondoHT,  Pfliiger'a  Arch.,  62;  Nencki 
and  Kowarski,  Arch.  f.  exp.  Path.  u.  Pharai.^  Sii;  Bninton-Blakie,  Joum.  of  Physiol.* 
.  i3»  Supplement. 
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amounts  in  different  species;  the  largest  quantity  is  found  in  birds. 
Accordijig  to  ^Ionari  the  amount  is  increased  by  work  when  a  part  of 
the  creatine  is  transformed  into  creatinine.  It  is  also  found  in  the 
brain,  blood,  transudates,  and  the  amniotic  fluid.  Creatine  may  be  pre- 
pared synthetically  from  cyanamide  and  sarcosin  (mcthylgrlycocoD),  On 
boiling  with  barvla-water  it  decomposes  with  the  addition  of  water  and 
yields  urea,  sarcosin,  and  certain  other  products.  Because  of  this  be- 
havior several  investigators  consider  creatine  as  a  step  in  the  formation  of 
urea  in  the  organism.  On  boiling  with  acids  creatine  is  easily  converted, 
with  the  elinunation  of  water,  into  creatinine,  C^H^XjO,  w^hich  occurs  in 
urine,  and  %vhich  has  also  been  found  in  the  muscles  of  the  dog  by  Monari* 
(see  Chapter  XV). 

Creatine  crystallizes  in  hard,  colorless,  monoclinic  prisms  which  lose 
their  water  of  cry-stallization  at  100°  C,  It  is  soluble  in  74  parts  of  water 
at  the  ordinary-  temperature  and  9410  parts  absolute  alcohoi  It  dissolves 
more  easily  with  the  aid  of  heat.  Its  waterj^  solution  has  a  neutral  reaction. 
Creatine  is  not  dissolved  liy  ether.  If  a  creatine  solution  is  boiled  with 
precipitated  mercuric  oxide,  this  is  reduced,  especially  in  the  presence  of 
alkali,  to  mercurj'  and  oxalic  acid,  and  the  foul-smelling  methyluramine 
(metliylguani<Iii^e)  is  developed.  A  solution  of  creatine  in  water  Ls  not  pre- 
cipitated by  basic  lead  acetate,  but  gives  a  white,  flaky  precipitate  with 
mercurous  nitrate  if  the  acid  reaction  is  neutralizal,  Wiien  boiled  for  an 
hour  with  dilute  hyflrochloric  arid  creatine  is  converted  into  creatinine  and 
may  be  identified  by  its  reactions.  On  boihng  \rith  formaldehyde  it  can 
be  transformed  into  dioxTOiethylencreatinine,  which  crystallizes  readily 
(jAFFfe  =). 

The  preparation  and  detection  of  creatine  is  best  performed  by  the 
following  method  of  Neuuauer,^  which  wiis  first  used  in  the  preparation 
of  creatine  from  muscles :  Finely  cut  meat  Ls  extracted  with  an  Cijual  weight 
of  water  at  50°  to  55°  C.  for  10-15  minuter,  pressed  and  extracted  again 
with  water.  The  proteid.s  are  removed  from  t!ie  united  extracts  as  far  as 
possible  by  coagulation  at  boiling  heat,  the  filtrate  precipitated  by  the  care- 
ful addition  of  basic  lead  acetate,  tlie  lead  removed  from  this  filtrate  by  H^ 
and  carefully  concentrated  to  a  small  volume,  Tlie  creatine,  which  crys- 
tallizes  in  a  few  days,  is  collected  on  a  filter,  washed  with  alcohol  of  88  jier 
cent,  and  purified  when  necessar\^  by  recr^'stallization.  The  quantitative 
estimation  of  creatine  Is  performeil  according  to  tlie  same  method. 

Isocreatinine  is  a  creatinine  Lsoraeric  with  nrrhnant^  creatinine  and  found  by 
Thesen  *  in  the  flesh  of  the  codfish.  It  cr^'stalli^es  in  yellow  needles  or  plateSi 
18  more  soluble  in  cold  water,  but  more  insoluble  in  alcohol,  than  the  ordinary 
creatimnei  and  gives  a  pi  crate  which  \&  readily  soluble  and  a  zinc  chloride  com« 

*Maly*8  Jahresber.,  10,  296. 
'  Ber.  d.  d.  chem,  GespJbch. ,  M. 
■  Zeildchr.  f.  phyaiol  Chem.,  2  and  G, 
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bination  which  m  relatively  readily  soluble.     It  gives  Weyl's  reaction  less  rapidly, 
and  does  not  give  methylguaiiidine  on  treatment  with  potassium  permanganate. 

L       Caminef  CnHgN^Oj+HjO,  Is  one  of  the  substances  found  by  Wkidel  in 
r American  meat  extract.     It  has  also  beim  found  b}'  Krukenbehg  and 
Wagxer  in  frog-muscles  and  in  the  flesh  of  fishes,  and  by  Pouch et  *  in  the 
urine.     Caniine  ma}-  be  transformed  intt>  hypoxanthine  by  oxidation. 

Caraine  has  been  obtained  as  a  white  cr}'staliine  mass.  It  dissolves 
with  difficulty  in  cold  water,  Ivut  more  readily  iii  warm.  It  is  insoluble  in 
alcohol  ancl  ether.  It  dissolves  in  warin  hydnjchloric  acid  and  yiekis  a  salt 
er^^stallizing  in  shining  needles,  which  gives  a  double  combination  with 
platinum  chloride,  lis  watery  solution  is  precipitated  by  silver  nitrate,  but 
this  precipitate  is  dissolved  neither  by  ammonia  nor  by  warm  nitric  acid. 
[Caniine  dues  Dot  give  tlie  so-called  WKfotn/s  xanthiJie  reaction.  Its 
ratery  solution  is  precipitated  by  basic  lead  acetate;  still  the  lead  com- 
bination may  be  dissolved  on  btiiling. 

Carninc  is  prepared  by  t!ie  following  niethod:  The  meat  extract  diluted 
with  water  is  completely  precif>ituted  by  baryta-water.  The  filtrate  is 
precipitated  by  basic  lead  acetate,  the  lead  precipiiale  Ixuled  with  water, 
iilteretl  wliile  hot,  and  sulphuretted  hydnigcii  passed  through  the  filtrate. 
^Jtefnuve  tlie  lead  sulpliide  from  the  filtrate  and  cuucentrate  strongly.  The 
Cf>iicentrate<l  sohition  Is  n(»w  completel>'  jirecipitated  with  silver  nitrate,  the 
precipitate  washed  free  from  silver  chloride  by  ammonia,  and  the  camine 
silver  oxide  suspende<l  in  wat^r  and  treated  with  sulphuretted  hydrogen. 

Camosin,  C^,H,,N403,  has  been  isolated  by  Ciulewitsch  and  Admirad/jbi  ' 
from  meut  extfiictif.  It  is  a  buse  wiiicb  is^  |K*rhaj^,  related  to  arginin,  and  is 
Ijeadily  sfilul>Je  in  water,  crystalliKint!;  in  Hat  needles.  It  is  precipitated  by 
|phns|)hotungstic  acid  and  l>y  silver  nitrate  in  the  presence  of  an  excess  of  barium 
'nydrate  and  forms  a  copper  cunifxiuiid  which  crystallizes  in  hexagonal  plates. 

The  biise,  muffculumtm,  isolated  by  Etard  and  Vila,  is,  according  to  Poster- 
.  NAK,^  nothing:  but  cadaverin, 

I       Phosphocamic    acid  *  is  a  complicated  substance,  first  isolated  by  Siegfried 

'from  meat  extracts,  which  yields  as  cleavage  products  succinic  acid,  jjaralat'tic 

Mcid,  carbon   dioxide,   phosphoric  acid,  and  a  carbohydrate  groiip^  besides  the 

previously  mentioned  raroic  arid,  which  is  identical  with,  or  nearly  related  to 

antifx^-ptone.     It   stanrls.    according   to  SiE<irRiEn,  in  close  relationship  to  the 

nurleins,  and  as  it  yields  peptone  (carnic  acid),  it  is  designated  as  a  nuekon  by 

[Siegfried,     Phosphocamic  acid   may  l»e  precipitated   as   an   iron  combination, 

^icarnifrrhn,  from  the  extract  of  the  nujsclcs  free  from  proteids.     The  quantity  of 

phosphot*arnic  acid,  calculated  fis  cartiic  acid,  can  Ije  determined  by  nm!tipl>Hng 


^  Weidcb  Annah  d.  Chem,  n.  Pharra..  15S;   Wagner,  Sitzungsber.  d.  Wiirzh.  phy8.-» 
oed,  Gcsdlsch.,  18S3;    Pouchct,  cited  from  Neiibauer-Huppert,  Analyse  des  Hamefip 
10.  Aufl,,  :i35. 

'Zcitschr.  f.  phvsinl  Cliem.,  m 

'  Etard  and  Vila,  Com  pt,  rond,  13^1 ;   Postemak,  ibid, 

*  In  rcifftril  to  camic  acid  anil  phosphocamic  acid,  see  the  works  of  f^ieRfried, 
Tin  Bois^Pcymond^s  Arch  ,  18^4,  Rcr.  d,  deutsch.  Chem.  Gesellsch.*  2S»  and  Keitschr. 
f  phvsiol  Chom  ,  2!  and  2S;  M.  Mullor,  ihfd,,  22;  Kniger,  t6id,,  22  and  28;  Balke  and 
.Ide,  ibid.,  21,  and  Balke,  (bid,,  22;  .Madeod,  ibid.,  28. 
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ihe  quantity  of  nitTogen  in  the  combination  by  the  factor  6J237  (Balke  and 
Ide).  In  this  way  Siegfried  found  0.57-2.4  p.  m.  earmc  acid  in  the  resting 
muscles  of  the  dag,  and  M.  Mi'ller  1-2  p.  m.  in  the  muscle  of  adults  and  a  maxi- 
mum of  0.57  p,  m  in  those  of  new-born  infants.  Phosphocarnlc  acid  has  not 
been  prepared  in  the  pure  state  and  [losseAsc^  on  this  account  a  \'ariable  compo- 
sition; according  to  8iEtiFRiED,  it  serv^es  as  a  source  of  energj'  in  the  muscles  and 
is  consumed  during  work.  Besides,  by  means  of  its  property  of  forming  soluble 
salts  with  the  alkaUne  earths,  as  also  an  iron  combination  soluble  in  alkalies,  it 
acts  as  a  means  of  transportation  for  these  bodies  in  the  animal  body. 

Phosphocamic  acid  b  prepared  from  the  extract  free  from  proteid  by  first 
removing  the  phosphate  by  CaCl,  and  NH,*  The  acid  is  precipitated  In-  ferric 
chloride  from  the  filtrate  while  boiliogj  as  carniferrin. 

Inosinic  acid  has  been  discus^sed  on  pace  128,  We  must  also  include  amonff 
the  iiilrogenoiiB  extractives  thos**  br>dies  which  were  first  discovered  hy  GAtrrrER  * 
and  which  occur  only  in  very  small  t|uantities,  namely,  the  leucomaines,  xan/Ao- 
creatinine,  CgHj^jX^O,  crusocncUiui/Wf  C^H^jN^O,  amphicreatinine,  C^,^-0^,  and 
pscudoxanthitic,  C^H^XsO. 

In  the  analysLs  af  meat  and  for  the  detef*tion  and  separation  of  the  various 
extractive  b<xli€^  of  the  same  we  make  use  of  the  systematic  method  as  suggested 
by  Gautier,*  for  details  of  which  the  reader  is  referred  to  the  original  article* 


The  non-nitrogenous  extractive  bodies  of  the  muscles  Sireinositc,  glyco- 
gen, migar,  and  lactic  acitl. 

Inosite,  C;H,/)o  +  H,0-CeH^(OH)«+H50.  This  body,  discovered  by 
BciiKRER,  is  not  a  carhohyrlrate,  but  a  hexahydn^xy benzene  {MAQruKNE  *). 
With  bydriodic  acid  it  yields  benzene  and  tri-iodopbenoh  Inosile  Ls  found 
in  the  muscles,  liver,  spleen,  leueoeytes,  kidneys,  suprarenal  capsule,  lungs, 
brain,  testicles,  and  in  the  urine  in  patliolnpcal  eases,  and  as  traces  in 
nomial  urine.  It  is  found  very  widely  distributed  in  the  vegetable  king- 
dom, especially  in  unripe  fruits,  and  in  green  beans  (phaseolus  ruigaris), 
and  therefore  it  is  also  called  phaseomannit.  According  to  Wixterstkix 
a  phospborized  compound  occurs  in  the  vegetal>Ic  kingdom  which  yields 
inosite  as  a  clea\age  product*  This  comp<nmd  Ls,  according  to  Posterxak/ 
probably  ox>-metbylphosphnric  a(*id,  which  also  yields  inosite  on  decom- 
position by  condensation. 

Inc>site  crj^stallizes  in  large,  colorless,  rhombic  crystals  of  the  monoclinie 
system,  or,  if  not  pure  and  if  only  a  small  tiuantity  er\^stjilli2es,  it  forms 
groups  of  line  crj^stals  simDar  to  cauliflower.  It  loses  its  water  of  crj-stallixa- 
tion  at  110^  C,  also  if  exposed  Ut  the  air  for  a  long  time.  Such  exposed 
cr>^tals  are  non-transparent  and  milk-white.  The  cn-stals  melt  at  22,7*  C, 
when  dr>'.  Inosite  dissolves  in  7.5  parts  of  water  at  ordinar}'  temperature, 
and  the  .solution  baa  a  sweetish  taste.  It  is  insoluble  in  strong  alcohol  and 
in  ether.     It  dissolves  cupric  hydrate  in  alkaline  solutions,  but  does  not 


»8ee  Maly^s  Jahresber..  1<J.  523, 

*  Bull  de  hi  Soc.  Chim,  (2),  47  and  18;  O^mpt  rend.,  104. 

•  Winferntein,  TWr,  d.  d  chom,  GesHlsch..  30:    Postemak.  Contribution  a  Tdtuda 

^  raasuiiiiation  chlomphvllienno,  Hrvne  pin^>rale  de  Botanii|Vie»  12  (1900). 
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reduce  on  boiling.  It  gives  negative  results  with  Moore's  test  and  with 
Bottger-.Aj-men's  bismuth  test.  It  does  not  ferment  with  beer-yeast, 
but  may  undergo  lactic-  and  butyric-acid  fermentation.  The  lactic  acid 
formed  thereby  is  sarrolartic  acid  according  to  Hilger,  and  fermenta- 
tion lactic  acid  according  to  Vorl,*  Inosite  is  oxidized  into  rhodizonic 
acid  by  an  excess  of  nitric  acid,  and  the  follo^dng  reactions  depend  upon 
this  liehavior: 

If  inosite  is  evaporated  to  drvmes^s  on  platinum-foil  with  nitric  acid  and 
the  residue  treated  with  ammonia  and  a  drop  of  calciimi-ehloride  solution 
and  carefully  re-evaporated  tc»  tlryness,  a  beautifid  rose-red  residue  is 
obtained  (Scherer\s  inosit^  test).  If  we  evaporate  an  inosite  solution  to 
incipient  dryness  and  moisten  the  residue  with  a  httle  mercuric-nitrate 
solution,  there  is  obtaine^l  a  yellowish  residue  on  drying,  which  becomes  a 
beautiful  red  on  strongly  heating.  The  coloration  tlisap pears  on  cooling, 
but  it  reappears  on  gently  warming  (Gallois'  inosite  test). 

To  prepare  inosite  from  a  liquid  or  from  a  waterj^  extract  of  a  tissue^ 
the  proteids  are  first  removed  by  coagulation  at  l>iiiling  heat.  The  filtrate 
is  j>reeipilated  by  sugar  of  lead,  this  filtrate  b>iled  with  basic  lead  aretate 
and  all<>\ved  to  stand  24-48  houns.  The  precipitate  thus  obtaiiKMl,  which 
contaiiLs  all  the  iiin^ite,  is  decomposed  in  water  by  H,S,  The  filtrate  is 
stn>ngly  eoMcentratetl,  treated  with  2-4  vols,  hot  alcohol,  and  the  liquid 
remi>vt»<l  as  sorm  as  possible  from  the  t<iugh  or  flaky  masses  which  ordinarily 
separate.  If  no  crystals  separate  from  the  litjuitl  within  twenty-fuur  hours, 
then  treat  with  ether  until  the  hqiud  has  a  milky  appearance  and  allow  it 
to  stand.  In  the  presence  of  a  sufficient  quantity  of  ether,  crystals  of 
niosite  separate  within  twenty-fimr  hours.  The  cr\\stals  thus  ol>tained, 
as  also  those  which  are  obtained  from  the  alcoholic  soluti<ni  directly,  are 
recrvi^tallized  by  redissoh  ing  in  ver>'  little  boiling  water  and  the  addition 
of  2^  vols,  of  alcohol. 

Ghjcotjeri  is  a  constant  constituent  of  the  living  muscle,  while  it  may  be 
absent  in  the  dead  miiscle.  The  quantity  of  glycogen  varies  in  the  different 
muscles  of  the  same  animal.  Bohm  ^  fr)und  10  p,  m,  glycogen  in  the  muscles 
of  cats,  and  moreover  he  foimd  a  greater  amount  in  the  muscles  of  the 
extremities  than  in  those  of  the  rump,  Schoxdorff  has  found  a  maxi- 
mum of  37*2  p.  m,  in  the  dog  muscle.  The  statements  as  \o  the  quantity 
of  £;'lycogen  in  the  heart  differ  some\vhat;  although  the  heart  is  considereil 
as  somewhat  poorer  in  glycogen  than  the  other  muscles,  still  this  difference 
is  not  very  great  and  can  be  explained  l>y  the  ready  disappearance  of 
glycogen  from  the  heart  after  death,  as  well  as  after  star^-ation  and  after 
strong  work  (Bohuttau^  Jensen  ').  Work  and  the  food  have  a  great 
influence  upon  the  quantity  of  glycogen.     BciiiM  found  1-4  p.  m.  glycogen 

»  Hilger,  Annal.  d.  Chem.  u.  Phann.»  lfM>;  Vohl,  Ber.  d.  d,  chem.  Geaellsch.,  9, 

^Biihm.  rflii^er's  Arch,,  25,  U\  Scb.ndorfT;  ibul,  W. 

"  Boruttaii,  Zeitschr.  f.  physiol  Chetn,,  l??i;  Jensen,  ihid.^  35. 
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in  the  muscles  of  fasting  animals,  and  7-10  p,  m.  after  partaking  of  food 
As  stated  in  Chapter  VIII,  work,  starvation,  and  lack  of  carbohydrates 
in  the  food  cause  the  glycogen  to  disappear  earlier  from  the  li\'er  than  fmm 
the  muscles. 

The  sujjar  of  (hr  inuscieSf  of  which  traces  only  occur  in  the  li\ing  muscle, 
and  which  is  probably  formed  after  the  death  of  the  muscle  from  the  muscle* 
glycogen,  is,  according  to  the  investigations  of  Paxormoff,  in  part  dei- 
trose,  but  consists  chiefly  of  maltose  (Osborxe  and  Zobel  *)  with  mm 
dextrin. 

Lactic  AcidSp     Of   the   ox}T>ropionic   acids  w^th   the   formula  C,Hj(V, 
there  is  one,  ethylene  lactic  acid,  CH^((;)H).CH2XX)0H,  wliich  Is  not  fou 
in  the  animal  body  and  therefore  has  no  physiological  clicnueal  interest' 

CII, 

Indeed  only  £ic-ox>7jropioBic  acid  or  ethylidene  lactic  acid,  CH(OH),of 

COOH 
,  which  there  are  three  physical  isomers,  is  of  importance.  Thcjic  three 
ethylidene  lactic  acids  are  the  ordinary,  optically  ijiaetive  fermentation* 
LACTIC  ACID,  the  dejctrorotatory  paralactic  or  sarcol^ictic  acid,  and 
the  l.evolactic  acid  obtaineil  by  Schahdixger  by  the  fermentation  of 
cane-sugar  by  means  of  a  special  bacUlus.  This  laevolactic  acid,  which 
has  also  been  detectetl  by  Blachstein  in  the  culture  of  Gaffky  *s  typhoid 
bacdlus  in  a  solution  of  sugar  and  peptone,  and  which  is  formed  by  vari- 
ous %'ibriones,  need  not  be  described  here.^ 

The  fermeniation  la^lic  acid,  which  is  formetl  from  lactose  by  allow- 
ing milk  to  sour  and  by  the  acid  fermentation  of  other  carbohydrates» 
is  considererl  to  exist  in  small  quautities  in  the  muscles  (Hkixtz),  in  ihfi 
gray  matter  of  the  brain  (Gscheidlen  *),  and  in  dialectic  urine.  During 
digestion  thLs  acid  is  also  found  in  the  contents  of  the  stomach  and  intes- 
tine, and  as  alkali  lactate  in  the  chyle.  The  jKiralaetic  acid  h,  at  all 
events,  the  true  acid  of  meat  extracts,  and  this  alone  has  been  found  with 
certainty  in  dead  muscle.  The  lactic  acid  which  is  found  in  the  spleen, 
lymphatic  glands,  thymus,  thyroid  gland,  blood,  bile,  pathological  tran^ 
udates,  oste<jnialacioas  bones,  in  perspiration,  in  puerperal  fever,  and  in 
the  urine  after  fatiguing  marches,  in  acute  yellow  atrophy  of  the  liver,  in 
poisoning  by  phosphorus,  and  especially  after  extirpation  of  the  liver 
seems  to  be  jiaralaetic  acid. 


*  Panormoff,  Zeitechr.  f.  phyBiob  Chem.^  17;  Osbome  and  Zobel,  Joum.  of 
Physiol,  29. 

'See  Scliardinger,  Monatshefte  f.  Chem.,  11;  Blachstein,  Arch,  dea  sciences  biol 
de  St.  P^tersbourg^  1,  199;  Kuprianow,  Arch.  f.  Hygiene,  19;  and  Gosio,  ibid,,  2L 

'  Heintz,  Annal.  d.  Chem.  y.  Plmrm.,  157,  and  Gscheidlen,  P6Qger's  Arch.,  8, 
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The  origin  of  paralactic  acid  in  the  animal  organism  has  been  sought 
by  several  investigators,  who  took  for  basis  the  researches  of  Gaglio, 
Minkowski,  and  Auaki,  in  a  decomposition  of  proteid  m  the  tissues. 
Gaguo  ekinis  a  laetic-acid  formation  by  passing  blood  through  the  kid- 
neys and  lun^s.  He  also  found  0.3-0.5  p.  m.  lactic  acid  in  the  blood  of 
a  dog  after  proteid  food,  and  only  0,17-0.21  p.  m.  after  fasting  for  forty- 
eight  hours.  Accortling  to  Minkowski  the  quantity  of  lactic  acid  elimi- 
nated by  the  urine  in  animals  with  extirpated  livers  is  increased  with  pro- 
teid ft>od^  w^hile  the  administration  of  carbohydrates  has  no  effect.  AitAKi 
has  b\^>  shown  that  if  we  produce  a  scarcit}^  of  oxygen  in  animals  (dogs^ 
rabbits,  and  hens)  by  poisoning  with  carbon  monoxide,  by  the  inhalation 
of  air  deficient  in  oxj^gcn,  or  by  any  other  means,  a  consideralde  elimina* 
tion  of  lactic  acid  (hesiilcs  dextrose  and  also  often  albuuiiii)  takes  place 
through  the  urine,  an  observation  wliich  has-been  confirmed  by  Saito 
and  K\T5in'A\L\.^  As  a  scarcity  of  ox^^gen,  according  to  the  ordinary 
statements^  produces  an  increase  of  the  proteid  katabt»]ism  in  tlie 
body,  the  increased  elimination  of  lactic  acid  in  these  cases  must  be 
dae  in  part  to  an  increasetl  proteid  destruction  and  in  part  to  a  dimin- 
ished oxidation. 

Araki  has  not  drawn  such  a  conclusion  from  his  experiments,  but 
he  considers  the  abundant  formation  of  lactic  a<'id  to  be  due  to  a  cleavage 
of  the  sugar  fomied  from  the  ghTogen,  He  found  that  in  all  cases  where 
lactic  acid  and  sugar  api>eared  in  t!ic  urine  the  quantity  of  glycogen  in 
the  liver  ami  muscles  was  always  diminished.  He  also  calls  attention  to 
the  (act  that  dextrolactic  acid  may  be  formeil  from  glycogen,  as  directly 
observed  by  Ekunina,^  and  also  to  t!ie  numerous  observations  on  the 
fonnation  of  lactic  acid  and  the  consumption  of  glycogen  in  muscular 
activity.  Without  denying  the  possibility  of  a  formation  of  lactic  acid 
from  proteid,  he  stutes  tliat  with  lack  of  oxygen  we  have  to  deal  with  an 
incomplete  combustion  of  the  lactic  acid  derivetl  by  a  cleavage  of  the  sugar. 
HoreE-SEi-LEB  *  also  positively  defends  the  view  as  to  the  formation  of 
lactic  acid  from  carbohydrates.  He  was  of  the  view  that  lactic  acid  is 
jroiluceil  from  the  carbL>li\'drates  by  the  cleavage  of  the  sugar  only  with 
iek  of  ox>'gen,  while  with  sulTicicnt  oxygen  the  sugar  Is  burnwl  into  carbon 
lioxide  and  water.  The  formation  of  lactic  acid  in  tlie  absence  of  free 
ygen  and  in  the  presence  of  glycogen  or  dextrose  is,  according  to  Hoprr> 
Sevler,  very  probably  a  function  of  all  h\ing  protoplasm.  There  is 
no  direct  proof  for  such  a  view.   In  the  anaerobic  metabt^hsm  of  the  animal 


'  Gaglio,  Du  Bois-Reymond 's  Arch.,  IHHt);  Minkowski,  Arch.  exp.  Path.  u.  Pharm., 
21  and  31 ;  Araki,  Zeitschr,  L  physiol.  Cbem.,  15,  Ifi,  17,  and  ID;  Saito  and  Katsuyama, 
tbid.,  32 

>  Joum,  L  prakt.  Chem.  (S.  T),  21. 

'  Virchow^s  Festschrift,  also  Ber*  d.  deut^eh.  chem.  CieBellsch,,  25,  Referatb.,  685, 
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cells  carbon  dioxide  and  alcohol  are  formed  from  the  sugar  according  to 

the  investigations  of  Simacek;  '  and  when  the  cells,  as  Stoklasa  and  his 
collaborators  have  shown,  contain  a  lactic-acid-forming  enzyme,  it  is 
not  known  what  kind  of  lactic  acid  is  here  produced.  According  to 
iloRisHiMA,  an  increase  in  the  lactic  acid  in  the  liver  occurs  after  death, 
probabh'  from  the  liver  glycogen,  but  this  acid  is  chiefly  fermentation 
lactic  acid,  Asher  and  Jackson  ^  experimented  by  transfusing  blood  (with 
and  wit  hunt  the  addition  of  sugar)  through  the  lower  extremities  of  dogs, 
aiiil  neither  in  thi^e  cx|>eriments  nor  in  those  where  the  larger  organs 
(liver  and  abduniinal  viscera)  were  excluded  from  the  circulation  could 
they  detect  any  increiise  of  lactic  acid  due  to  the  sugar.  At  present  there 
seems  to  be  a  tendency  towards  the  \dew"  that  the  cause  for  the  increased 
formation  of  lactic  acid  wnth  lack  of  oxygen  is  to  be  sought  for  in  the  in- 
creased destruction  of  proteids,  Phosphucamic  acid  is  considered  by  Sieg- 
fried as  another  source  of  sarcolactic  acid. 

The  lactic  acids  are  amorphous.  They  have  the  appearance  of  color- 
less or  faintly  yellowish,  acid-reacting  syrups  which  mix  in  all  prof^ortions 
with  w^ater,  alcohol,  or  ether.  Tlie  salts  are  soluble  in  water,  and  most  of 
them  also  in  alcohoh  The  two  acids  are  differentiated  from  each  other  by 
their  different  optical  propertics^paralactic  acid  being  dextrogj^rate,  whUe 
fenuentatiou  lactic  acid  is  optically  inactive— also  by  tlieir  different  solu- 
bDities  and  the  different  amounts  of  w*ater  of  cr>^stallization  of  the  calcium 
and  zinc  salts.  The  zinc  salt  of  fermentation  lactic  acid  dissolves  in  58-63 
parts  of  water  at  14-15°  C,  and  contains  18.18  per  cent  water  of  crj^stalli- 
zation,  corresponding  to  the  formula  Zn (0311503)2-1-311  jO.  The  zinc  salt 
of  i>ara lactic  acid  tlLssolves  in  17.5  parts  of  water  at  the  above  tempera- 
lure  and  contniiis  ordinarDy  12.9  per  cent  water,  corresponding  to  the  formula 
Zn{C\}i^O^)2  +  2Ufi.  Tlie  calcium  salt  of  fermentation  lactic  acid  dis- 
solves in  9*5  parts  w^ater  and  contains  29.22  per  cent  (  =  5  molecules)  water 
of  cr>-stallization,  while  calcium  paralactate  dissolves  in  12.4  parts  water 
and  contains  24.83  or  26.21  per  cent  (^4  or  4^  molecules)  whaler  of  crystalU- 
zalion.  Both  calcium  salts  cri^'stallize,  not  unlike  tyrosin,  in  spears  or 
tufts  of  ver^"  fine  microscopic  needles.  Hoppe-8eyi*e:r  and  Araki,  who 
have  closely  studied  tlie  optical  properties  of  the  lactic  acids  and 
lactates,  consider  the  lithium  salt  as  best  suited  for  the  preparation  and 
quantitative  estimation  of  the  lactic  acids.  The  lithium  salt  contains 
7*29  per  cent  Li.  For  further  information  as  to  the  salts  and  specific 
rotation  of  the  lactic  acids  see  HopPK-il»EYLER,  Thierfelder'a  Handbuch, 
7.  Aufl.,  1903. 

Lactic  acids  may  be  detected  in  organs  and  tissues  in  the  following 

*^imicek«  Centmlbl.  f.  Physttil.,  17;  Stoklasa,  Jelinck  and  Cemy,  ibid.,  16, 
'Momhimaf  Arch.  f.  exp.  pAth.  u.  Phann.,  4d;   Ajsber  and  JacksoD,  Zeitschr.  L 
Biologie,  41. 
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manner:  After  complete  extraction  with  water,  the  proteid  is  removed  by 
coagulation  at  boiling  temperature  and  the  aiklition  of  a  snia]!  quantity  of 
sulphuric  acid.  The  hipiid  is  then  exactly  neutmlizetl  whUe  buihug  with 
caustic  bar}*ta,  and  then  evapt^nitetl  to  a  syrup  after  fihration.  TIte  rt-sidue 
is  precipitated  with  absolute  alcoliol,  and  the  preeifuiate  eom}>letely  ex- 
traete<l  with  alcohol,  The  akoliol  ij^  entirely  distilled  from  the  united" alco- 
holic extracts,  and  tlie  neutral  residue  Ls  shaJcen  with  ether  to  remove  the 
fat.  The  residue  is  dissolveil  in  water  and  phfisphoric  acid  added,  and  re- 
peatedly shaken  with  frc^h  quantities  of  ether,  which  dissolves  the  lactic  acid. 
The  ether  is  now  distilled  from  the  several  ethereal  extracts,  the  residue 
clissolvfMl  in  water,  and  this  solutioji  carefully  wanned  tin  the  water-bath  to 
remove  tfie  last  traces  of  ether  and  vnlatile  acids.  A  solution  of  zinc  lac- 
tate is  prepared  from  this  filtered  solution  by  boiling  with  zinc  carboimte, 
and  this  is  evaporated  tmtil  cr>*stal  11  nation  commences  and  then  allowed  to 
stand  over  ;?idphunc  acid.  An  analysis  (4  the  salt.s  is  neces5?ar>^  in  careful 
work.  Accorrling  to  Hkfftkr  *  in  muscles  not  having  uudergotie  ri^or  mortis 
the  lactic  acid  can  be  extracted  more  easih^  by  alcohol  than  by  water. 

Foi  is  never  absent  in  the  muscles.  Some  fat  is  always  found  in  the 
intemxtisculiir  connective  tissue;  but  the  muscle-fibres  themselves  also  con- 
tain fat.  Tlie  quantity  of  fat  in  the  real  muscle  sulistance  is  always  small, 
usually  amounting  to  about  10  p.  m.  or  somewhat  more.  A  considerable 
quantity  of  fat  in  the  umscle-fdires  is  only  found  in  fatty  <legeneraUon.  A 
part  of  the  muscle-fat  can  be  readily  cjctracted,  while  anotlier  part  can  be 
extracted  only  w'ith  the  greate'st  difficulty*  This  latter  part,  it  is  claime<l, 
exists  finely  dividerl  in  the  contractile  substance  itself  and  is  richer  in  free 
fatty  acids,  standing,  accortling  to  Zuxtz  fuid  BociDAXQW,*  in  close  rela- 
tionsliip  to  the  activity  of  the  muscles  because  it  is  consumed  during 
work.  LecUhin  is  a  regidar  constituent  of  the  muscles,  and  it  is  quite 
piisi-iible  that  the  fat  which  is  difficult  of  extraction  and  which  is  rich  in 
fatty  acids  depends  in  part  on  a  decomposition  of  the  lecithin. 

The  Mineral  Bodies  of  the  Muscles.  The  ash  remaining  after  burning 
the  muscle,  wliich  amount.s  to  about  10-15  p.  m.,  calculated  on  tlie  moist 
muscle,  is  acid  in  reaction.  Tlie  largest  constituents  are  potassium  and 
pliosphoric  acid.  Next  ia  amount  we  have  sodium  and  magnesium,  and 
lastly  calcium,  chlorine,  and  iron  oxide.  Sulpliates  exist  only  as  traces  in 
the  muscles,  but  are  formed  by  the  burning  of  the  proteids  of  the  muscles, 
and  therefore  occur  in  abundant  quantities  m  the  ash,  Tlie  muscles  con- 
tain such  a  large  i[Uantity  of  pota8si\mi  and  phosphoric  acid  that  potiissium 
phosphate  seems  to  be  unquestionably  the  predominating  salt.  Chlorine  is 
fountl  in  such  insignificant  quantities  that  it  is  perhaps  derived  frfim  a  con- 
tamination with  blood  i>r  lymiih.  The  quantity  of  magnesium  h^  as  a  nde, 
considerably  greater  than  that  of  calcium.  Iron  occurs  only  in  very  small 
amounts.     Schmey  '  found  variati  ns  lictween  0.0129  p.  m.  (rabbits?)  and 

'  »  Arch,  f   exp.  Path,  u,  Phami,,  38.  " 

>Du  P.ob-Kt?-mond*s  Atvh,,  1S97. 
'  Zcitsichr  f.  physiol.  C^hcm.,  39. 
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0.0793  p.  m,  (human)  ^  calculated  on  the  fresh  muscle  substance.  The  heart- 
muse  le  was  comparatively  richer  in  iron,  0.06'OJ09  p.  m. 

The  importatiee  of  the  various  mineral  bodies  for  the  function  of  the 
muscles  has  been  studied  by  several  experimenters  (Loeb,  Lingle,  Howell, 
Overton,  Langendorff  and  Huek,  and  others  ').  Further  proof  as  toth(^ 
previous ly  discussed  ion  action  of  the  electrolytes  and  the  antagonism  of 
various  ions  has  been  given  by  many  verv'  interesting  investigations.  These 
researches  also  indicate  that  each  of  the  tons  Xa,  Ca,  and  K  plays  a  certain 
part  in  the  maintenance  of  the  excitability,  in  the  contraction  andinihe 
fatigue  of  the  muscle  (heart) ;  still  these  investigations  have  not  led  to  eoft- 
cord  ant  results,  so  that  we  are  not  yet  clear  on  the  action  of  these  ions. 
NevertheieisS  it  seems  to  be  establishetl  that  the  corabhied  action  of  variuu^ 
ions  is  a  necessity  for  the  normal  function  of  the  muscles.  It  has  also 
been  sho^^Ti  that  it  is  possible  to  maintain  the  muscle  (the  heart)  in  regular 
activity  for  a  long  time  by  means  of  a  transfusion  of  liquid  saturated 
with  oxygen  and  which  contained  about  7  p*  m.  NaCl,  besides  small 
amounts  of  CaCla  (0.2  p.  m,),  KCl  (0.1  p.  m),  and  NaHCO^  (0.1  p,  m.). 

The  gases  of  the  muscles  consist  of  large  quantities  of  carbon  dioxide 
besides  traces  of  nitrogen. 

In  regard  to  the  pemieabihty  of  the  musclea  for  various  bodies  there  are 
the  complete  invest igatirvns  (jf  Overton.'  The  different  sheaths  of  the 
muscles,  the  sarcolemma  and  perimysium  internum,  offer  no  very  great 
resfetance  to  the  diffusion  of  most  sohible  cr^'^stalloid  compounds,  while 
t!ie  muscle-fibres,  on  the  contrary  (exclusive  of  the  sarcolemma),  are  almost 
if  not  entirely  impervious  to  most  inorganic  compounds  and  for  many  organic 
compounds.  The  muscle-fibres  tliemselves  are  actually  semipermeable  struc- 
tures which  are  permeable  for  water  but  not  for  the  molecules  or  ions  of 
sodium  chloride  and  of  potassium  phosphate.  Tlie  muscle-fibres,  as  well  as 
the  various  sheaths,  are  impermeal)lo  to  cfilloids. 

The  behavior  of  the  numerous  bodies  investigated  cannot  be  discussed 
in  this  work.  The  general  rule  is  as  follows:  All  compounds  which,  besides 
a  marked  solubility  in  water,  are  reafhly  soluble  in  ethyl  ethex,  in  the 
higher  alcohols,  in  olive-tjil  and  in  sioular  organic  solvents,  or  are  not  much 
less  soluble  in  the  last-mentioned  solvents  than  in  water,  pass  through  the 
li%'ing  muscle-fibres  (as  in  animal-  and  plant-cells)  with  great  e^ase.  The 
greater  the  cEfference  between  the  solubility  of  a  compound  in  water  and 
in  the  other  solvents  mentioned,  the  slower  does  the  passage  into  the 
muscle-fibres  take  place.  The  pemieabiHty  changes  essentially  on  the 
death  of  the  muscle. 


^  Loeb,  Amer.  Jotim.  of  Physiol,  3,  and  Pfluger's  Arck,  Ul;  Lingle,  Aincr  Journ. 
of  PhysiriL,  4  (also  references  to  literature) ;  Overton,  Pfliiger's  Arch,,  92;  Langendorff 
tkud  Huek,  ibid,,  %. 

'Pfluger'a  Arch.,  92, 
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J  The  living  musde-fibres  are  readily  permeable  to  oxygen,  carbon  dioxide, 
_  and  ammonia,  while  the  hexoees  and  disaccharides  do  not  readily  pass 
into  them.  It  is  very  remarkable  that  a  great  portion  of  those  eompoimda 
idiich  take  part  in  the  normal  metabolism  of  plants  and  animals  belong  to 
those  bodies  to  which  the  muscle-fibres  (and  also  other  cells)  are  entirely  or 
at  least  nearly  impermeable.  On  the  contrary,  derivatives  can  be  pre- 
pared from  these  bodies  which  pass  into  the  cells  very  readily,  and  Over- 
Tox  finds  that  it  is  not  impossible  that  the  organism  in  part  makes  use  of 
aamilar  artifice  in  order  to  regulate  the  concentration  of  the  nutritive 
bodies  within  the  protoplasm. 

Rigor  Mortis  of  the  Muscles.    If  the  influence  of  the  circulating  oxygen- 
ated blood  is  removed  from  the  muscles,  as  after  the  death  of  the  animal  or 
by  ligature  of  the  aorta  or  the  muscle-arteries  (Stenson  's  test),  rigor  mortis 
sooner  or  later  takes  place.    The  ordinary  rigor  appearing  under  these 
I      circumstances  is  called  the  spontaneous  or  the  fermentative  rigor,  because  it 
[      seems  to  depend  in  part  on  the  action  of  an  enzyme.    A  muscle  may  also 
become  stifif  for  other  reasons.    The  muscles  may  become  momentarily 
stiff  by  warming,  in  the  case  of  frogs,  to  40°,  in  mammalia,  to  48-50°,  and 
Ui  birds,  to  53°  C.    The  heat-ri^or  depends  upon  the  coagulation  of  certain 
Pioteids,  and  its  occurrence  at  lower  temperatures  in  cold-blooded  as  com- 
pared to  warm-blooded  animals  is  due,  according  to  v.  Furth,  to  the  fact 
that  in  the  first  a  soluble  myogen  fibrin  occurs  preformed  in  the  muscle 
'^hich  coagulates  at  30-40°  C,  while  in  the  warm-blooded  animals  the  coagu- 
lating substance  is  musculin  (myosin  of  v.  Furth)  which  coagulates  at  a 
liigher  temperature.    Distilled  water  may  also  produce  a  rigor  in  the  muscles 
(water-rigor).    Acids,  even  very  weak  ones,  such  as  carbon  dioxide,  may 
quickly  produce  a  rigor  (acid-rigor),  or  hasten  its  appearance.    A  number 
of  chemically  different  substances,   such   as   chloroform,   ether,   alcohol, 
ethereal  oils,  caffeine,  and  many  alkaloids,  produce  a  similar  effect.    The 
rigor  which  is  produced  by  means  of  acids  or  other  agents  which,  like  alcohol, 
coagulate  proteids  must  be  considered  as  produced  by  entirely  different 
processes  from  those  causing  spontaneous  rigor. 

When  the  muscle  passes  into  rigor  mortis  it  becomes  shorter  and  thicker, 
harder  and  non-transparent,  and  less  ductile.  The  acid  part  of  the  ampho- 
teric reaction  becomes  stronger,  which  is  explained  by  most  investigators  by 
a  formation  of  lactic  acid.  There  is  hardly  any  doubt  that  this  increase  in 
acidity  may  at  least  in  part  be  due  to  a  transformation  of  a  part  of  the 
diphosphate  into  monophosphate  by  the  lactic  acid.  The  statements  in 
regard  to  the  presence  or  absence  of  free  lactic  acid  in  the  rigor-mortis 
muscle  are  contradictory.*    Besides  the  formation  of  acid,  the  chemical 

'  It  IS  impossible  to  enter  into  the  details  of  the  disputed  statements  as  to  the  reaction 
of  the  muscles,  etc.  We  shall  only  refer  to  the  works  of  Rohmann,  Pfliiger's  Arch., 
50  and  65,  and  Heffter,  Arch.  f.  exp.  Path.  u.  Pharra.,  31  and  IJS.  These  works  con- 
tain also  the  researches  of  the  older  investigators  more  or  less  completely. 
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processes  which  take  place  in  ri^^or  of  the  muscles  are  the  follo\\ing 
the  coagulation  of  the  plasma  a  myosin-clot  is  produced  which  b  the  cai 
of  the  hardening  and  of  the  diminished  transparency  of  the  muscle,  but 
view  must  be  chan^eil  on  account  of  tlie  researchers  of  v,  Furth^  which  ha' 
shown  that  the  clot  consists  of  rayogen*  and  myosin-tibrin.     The  appe: 
ance  of  this  clot  may  be  hastened  by  the  simultaneous  occurrence  of  laci 
acid.     Carbon  dioxide  is  also  formed^  which  docs  not  seem  to  be  a  Jii 
oxidation  product,  but  a  product  of  the  cleavage  processes,     Hermaxn 
claims  that  carbon  dioxide  is  produced  in  the  removed  muscle,  even  in  ti 
absence  of  oxygen,  when  it  passes  into  ri^or  mortis.     In  connection  v;i\ 
this  view  we  must  call  attention  to  Folin  's  ^  observations  that  no  proteid 
coagulation  took  place  in  rii;or  under  special  conditions. 

As  many  investigators  admit  of  an  incieiused  forniation  of  lactic  acidoa 
the  appearance  of  rigor  mortis,  the  question  arises,  from  what  cimstituents 
of  the  muscle  is  this^  acid  derived?    The  most  probable  explanation  is  itmt 
the  lactic  acid  is  produced  from  the  glycogen,  as  certain  investigatoi^,  swh 
as  Nasse  and  WEitTnEn,  have  observed  a  decrease  in   the  quantity  of 
glycogen  in  rigor  of  the  muscle.     On  the  other  siile,  Bohm  '  has  oha^rvetl 
cases  in  which  no  consumi)tion  of  glycogen  took  place  in  rigor  of  the  muscle, 
and  he  has  also  found  that  the  quantity  of  lactic  acid  prmkiceil  is  not  iin> 
portional  to  the  quantity  of  glycogen.     It  is  therefore  possible  that  the 
consumption  of  glycogen  and  the  formation  of  lactic  acid  in  the  muscle^ 
arc  two  processes  independent  of  each  other,  and,  as  abo%^e  stated  in  regard 
to  the  formation  of  paralactic  acid^  the  lactic  acid  of  the  muscle  may  h^ 
consideretl  as  a  decomposition  product  of  proteid.    The  origin  of  the  carbon 
dioxide  is  also  not  to  be  sought  for  in  the  decomposition  of  the  glycogen  or 
dextrose.     Pfluger  and  Stixtzing  *  have  found  that  in  the  muscle  a  sub- 
stance occurs  which  evolves  large  quantities  of  carbon  dioxide  on  boiling 
with  water,  and  it  is  iirobaldy  this  substance  which  is  decomposed  wdth  the 
formation  of  carbon  dioxide  in  tetanus  as  well  as  in  rigor.     In  this  connec- 
tion we  call  attention  to  the  fact  that  phosi>hocarnic  acid  yields  lactic  acid 
as  vreW  as  carbon  dioxide  as  cleavage  products. 

After  the  mus^^-lcs  have  been  rigid  for  some  time  they  relax  again  and 
the  muscles  become  softer.  This  is  in  part  proiluced  by  the  strong  acid 
diasolvin':  the  myosio-clnt  and  m  part  to  autolytic  processes  (Vocjkl  ^). 

MetaboEsm  in  the  Inactive  and  Active  Muscles.  It  is  admitted  by  a 
number  of  prominent  investigators,  PFLticER  and  Coi^isaxti,  Zuntz  and 


'  "  HTntersiichungen  iilier  den  Stoffwechael  der  Muskeln/'  etc.     Berlin ^  ISti? 
^  Amer.  Joum.  of  Physiol,  9 

'Nasse,  Beitr.  z.  Physiol  der  kontrakt.  Substanz,  PHuger^s  Arch.,  2;    Werther, 
(hid.,  4G;   Bnhm.  ibid.,  23  uud  40. 

*  PH II Jeer's  Arch  ,  IS. 

*  U  ^'oceL  I  inters,  iiber  Muskelsaft.  Deutsch.  Arch   f  klin.  Mat    1902. 
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RoHRiG,*  and  others,  that  the  metabolism  in  the  muscles  is  regulated  by 
the  nervous  system.  When  at  rest,  when  there  is  no  mechanical  exertion^ 
there  exUt-^a  <'oii4uif»n  wliich  Zuntz  and  Rohrk*  have  designated  ^'chemiml 
tonus/'  This  tomis  seems  to  be  a  reflex  tonus,  for  it  may  be  reduced 
by  discontinuing  the  connection  between  the  muscles  and  the  central 
or^an  of  the  nervous  system  by  cutting  throu;2:h  the  spinal  rc^rd  or  the 
mnscle-nerv^es.  The  possibility  of  rediicin^  the  chemicnl  tonus  of  the 
muscles  in  various  ways  ofTei's  an  important  means  of  decijing  tlie 
extent  and  kind  of  chemical  processes  goinj  on  in  the  mustdes  when  at  rest. 
Li  comparative  chemical  hivestii^ation  of  the  processes  in  the  active  and  the 
inactive  muscles  several  methods  of  procedure  have  been  adopted.  The 
same  active  and  inactive  muscles  have  been  compare*!  after  remo\'al,  also 
the  arterial  and  venous  muscle-blood  in  rest  and  activity^  and  lastly  the 
total  exchange  of  material,  the  receipts  and  expenditures  of  the  organism, 
have  been  investigateil  untler  these  two  conditions. 

By  investigations  according  to  these  several  methods  it  has  been  found 
that  the  active  muscle  takes  up  oxygen  from  the  blood  and  returns  to  it 
carbon  dioxide,  and  also  that  the  quantity  of  oxygen  taken  up  is  greater 
than  the  oxygen  contained  hi  the  carbt^n  dioxide  eliminated  at  the  same 
time.  The  muscle,  therefore^  hol^is  in  some  form  of  combination  a  part  of 
the  oxygen  taken  up  while  at  rest*  During  activity  the  exchange  of  mate- 
rial in  the  muscle,  and  therewith  the  exchange  of  gas,  is  hicreasetl.  The 
animal  organism  takes  up  much  more  oxygen  in  activity  than  when 
at  rest,  and  eliminates  also  considerably  more  carbon  dioxide.  The  quan- 
tity of  oxygen  wliich  leaves  the  body  as  carbon  dioxide  during  activity 
is  much  larger  than  the  quantity  of  oxygen  taken  up  at  the  same  time; 
and  the  venous  rnuscle-ljloixl  is  poorer  in  oxygen  and  richer  in  carbon 
dioxide  durhig  activity  than  duririg  rest.  The  exchange  of  gases  in  the 
muscles  during  activity  is  the  reverse  of  that  at  rest,  for  the  active  muscle 
gives  up  a  quantity  of  carbon  dioxide  which  does  not  correspond  to  the 
quantity  of  oxygen  t^iken  up,  but  is  considerably  greater.  It  follows  fmm 
this  that  in  muscular  activity  not  only  does  oxidation  take  place,  but  also 
splittiiig  processes  occur*  This  residts  also  from  the  fact  that  removed 
blood-free  muscles  when  placed  in  an  atmosphere  devoid  of  oxygen  can 
labor  for  some  time  and  also  yield  carbon  dioxide  (Hkhmakx  '), 

During  muscular  inactivity,  In  the  ordinan,-  sense,  a  consumption  of 
glycogen  takes  place.  This  is  inferred  fn:>m  the  obsen^ations  of  several 
investigators  that  the  quantity  of  glycogen  Is  hicrea«eJ  and  its  correspond- 

*  See  the  works  of  PfliiKcr  and  liis^  pupils  in  Ptluger's  Arch,,  4,  12.  II,  Id,  nnd  IS; 

Rohrig,  ibid.,  A.     See  also  Zuntje,  ihid.,  12.     In  regarti  to  the  riietabolism  after  cururo 

[poiaoninp;,  see  also  Frank  and  Voitt  Zeitschr.  f.  Biologie,  42,  and  Frank  and  Geb- 

t^^..  43. 

*L.  c.     In  regard  to  gaa  exchange  in  removed  musclea,  see  alao  J.  Tissot,  Arch  d9 

siol  (5).  6  and  7.  and  Co»npt.  rend.,  120, 
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iog  consuraptioa  reduced  in  those  muscles  whose  chemical  tonus  i 
reduceil  cither  by  cutting  through  tlie  nerve  f»r  for  other  rea^oos  (Bernahd, 
Chandel<3n,  Way/  ami  others).  In  activity  tliLs  consuraption  of  glycogen 
is  increased,  and  it  has  been  positively  proved  by  the  researches  of  seveml 
investigators  (Nasse,  Weiss,  Kulz,  MARcrsE*MAXcni^,MoR,\Tand  Dttfoub"*) 
that  the  quantity  of  glycogen  in  tlie  muscles  in  activity  decreases  quiiklr 
find  frecl)^  As  shown  liy  the  researches  of  CHAirv^AU  and  Kaufman-x, 
QuiXQUAUi>,  MoRAT  and  DuFOrR,  Cavazzaxi^  and  especially  those  of 
SeegeXi'  the  sugar  is  removed  from  the  blood  and  consimied  during  wv 
tivity.  According  to  Seegen  a  verj'  abundant  formation  of  sugar  tak® 
place  in  tlie  liver,  and  correspondingly  tlie  blootl  of  the  hepatic  vein  b 
much  richer  in  sugar  than  that  in  the  portal  vein;  ami  this  sugar  of  the 
blood  is,  according  to  him,  the  source  of  heat  formation  and  mechanical 
activity.  It  is  nevertheless  tnie  that  important  objections  have  bc^n 
presented  against  a  few  of  these  investigations,  and  a  sugar  formation, 
accortUng  to  Seegex^s  idea,  has  been  denied  by  several  investigators, 
and  recently  by  Zuxtz  and  Muss;e;  *  but  still  there  can  exist  hardly  any 
doubt  that  sugar  is  consumed  in  muscular  activity. 

The  amphoteric  reaction  of  the  inactive  muscles  is  changed  during 
activity  to  an  acid  reaction  (Du  Bois-Reymovd  and  others),  and  the  acid 
reaction  increases  to  a  certain  point  with  the  work.  The  quickly  contract- 
ing pale  muscles  produce,  according  to  Gleiss,*  more  acid  during  activity 
tlian  the  more  slowly  contracting  red  muscles.  The  acid  reaction  appearing 
during  activity  was  formerly  considered  to  be  due  to  the  formation  of  lactic 
acid,  a  view  which  has  been  contradicted  by  Astaschewsky,  PiOiUOER  anil 
Warrex/ who  found  less  lactic  acid  in  the  tetanize^d  muscle  than  when  at 
rest.  MoxARi  also  fouml  a  decrease  in  the  quantity  of  lactic  acid  during 
activity,  and  according  to  Hefi-t'er  the  quantity  of  lactic  acid  in  the  muscle 
Is  diminished  in  tetanus  produced  by  poison.  Contmr}*  to  these  investiga- 
tions Marcuse  and  Werther  ^  have  been  able  to  pmve  the  formation  of 

"Chunddorip  Pfliiger's  Arcb.,  13;  Way,  Arch.  [.  exp.  Path,  u.  Pbann,  34,  which 
also  contains  the  pertinent  literature. 

*Na.sse,  Pfliiger's  Arch,  12;  Weiss,  Wien.  Sitzang^slier.,  M;  Kiih»  in  Ludwig** 
Festachrift,  Marburg.  1S91 ;  Marcuse,  Pfluger's  Arch.,  aS);  Manche,  Zeitschr.  f.  Biolo- 
gie,  25;   Moral  and  Dufonr,  Arch,  de  Physiol  {ft),  i, 

*(1muveau  and  Kaiifmann,  Cbmpt,  rend,  103,  1(14,  and  tOa;  Qulnquaud,  l^taly's 
Jalirtfsher,  Ifi;  Moral  and  Dufotir,  1.  c  ;  Cavazzani,  Centralbl.  f.  Phv'sioL,  8;  Secfen, 
"Die  Zuckerljildung  im  Thicrkar|>€r, *'  Berlin.  1890,  Centralbl  f  PhysioL,  S,  0,  and 
JU;  Dq  lkii*-Reyfnond'«  Arch.,  1805  and  189G;  Pfluger*8  Arch.,  «0. 

*Mos&e,  Pfliiger^s  Arch,,  68;  Zimtz,  Centralhl  f.  Phx-aiol  .  10,  and  I>u  Bois- 
Beymond's  Arch.,  I89ti,  538,     See  also  Schenck,  PflQger's  Arch.,  01  and  G5. 

*  Pfluger*s  Arch.,  41. 

•  Astasehewsky ,  Zeit^chr.  f,  phvisiol.  Chem.,  4;  Warren,  Pfluger's  Arch.,  24. 

'  Monari,  Maly'^s  Jahresber.,  W;  Heffter,  Arck  f.  exp.  Patk  u.  Phann.#  H; 
^urcuise,  L  c;    Werther,  Pfluger's  Arch.,  40. 
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hetic  acid  during  activity;  still  the  statements  are  veiy  contradictory 
Other  observations  speak  for  a  formation  of  lactic  acid  during  activity. 
lim  SnRO  foimd  an  increase  in  the  quantity  of  lactic  acid  in  the  blood 
<turing  work.  Colasanti  and  Moscatelu  found^small  quantities  of  lactic 
Acid  in  human  urine  after  strenuous  marches,  and  Werther  observed  an 
Abundance  of  lactic  acid  in  the  urine  of  frogs  after  tetanization.  According 
to  Hoppe-Seyler,  on  the  contrary,  in  agreement  with  his  view  in  regard 
to  the  formation  of  lactic  acid,  ]actic  acid  is  not  produced  r^ularly  during 
work,  but  only  when  insufficient  oxygen  is  supplied.  Zillesen  ^  has  also 
found  that  on  artificially  cutting  ofif  the  oxygen  from  the  muscles  during 
life  more  lactic  acid  was  formed  than  under  normal  conditions. 

It  is  evident  that  the  experiments  with  the  muscles  in  situ — in  other 
words,  with  muscles  through  which  blood  is  passing — cannot  yield  any  con- 
clusion to  the  above  question,  as  the  lactic  acid  formed  during  work  may 
perhaps  be  removed  by  the  blood.  The  following  objections  can  be  made 
Against  those  experiments  in  which  lactic  acid  has  been  found  after  mod- 
erate work  in  the  blood  or  the  urine,  as  also  especially  against  the  experi- 
ments with  removed  active  muscles,  namely,  that  in  these  cases  the  supply 
of  oxygen  to  the  muscles  was  not  sufficient,  and  that  the  lactic  acid  formed 
thereby  is  not,  in  accordance  with  the  views  of  Hoppe-Seyler,  a  perfectly 
normal  process.  The  question  as  to  the  formation  of  lactic  acid  in  the 
active  muscle  imder  perfect  physiological  conditions  is  still  an  open  one, 
although  several  observations  make  it  seem  as  if  it  was  very  probable. 

According  to  Siegfried  the  amount  of  phosphocamic  acid  is  dimin- 
ished during  activity.    Macleod  claims  that  this  is  only  true  for  intense 
muscular  activity,   while  otherwise  with  work   the  organic   phosphorus 
not  present  as  nucleons  is  diminished  and  the  quantity  of  phosphates 
is  increased.    It  stands  in  accord  w^ith  Weyl  and  Zeitler's  ^  observa- 
tions that  the  active  muscle  contains  more  phosphoric  acid  than  the  inac- 
tive muscle.    As  in  the  dead  muscle,  so  in  the  active  muscle,  the  some- 
what stronger  acid  reaction  is  in  part  due  to  a  greater  quantity  of  mono- 
phosphate. 

Tlie  amoimt  of  proteids  in  the  removed  muscles  is,  according  to  the 
older  investigators,  decreased  by  work.  The  correctness  of  this  statement 
is,  however,  disputed  by  other  investigators.  The  older  statements  in 
regard  to  the  nitrogenous  extractive  bodies  of  the  muscle  in  rest  and  in 
activity  are  likewise  uncertain.  According  to  the  recent  researches  of 
MoNARi  '  the  total  quantity  of  creatine  and  creatinine  is  increased  by 

'Spiro,  Zeitschr.  f.  physiol.  Chem.,  1;  Colasanti  and  Moscatelli,  Maly's  Jahresbcr., 
17,  212;  Hoppe-Seyler,  1.  c,  and  Zeitschr.  f.  physiol.  Chem.,  19;  Zillesen,  ibid.,  lo 

» Signed,  Zeitschr.  f.  physiol.  Chem.,  21;  Macleod,  Qyid.,  28;  Weyl  and  Zeitler, 
ibid.,  16. 

>  Maly's  Jahresber.,  19,  296. 
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work,  and  indeed  the  amount  of  creatinine  is  especially  augmented  by  i 
excess  of  muscular  activity.     The  creatinine  Ls  formed  essentially  fn 
the  creatine.     In  excessive  activity  Monari  also  found  xantho-creatin 
in   the  muscle,  and   the  quantity  was  une-tenth  that  of   the  creatinineL 
The  quantity  of  xanthine  bodias  is,  according  to  AhDXARi,  decrcaised  und 
the  influence  of  work.     It  seems  to  have  been  j^ositiveiy  shown  that 
active  muscle  contains  a  smaller  quantity  of  bodies  soluble  in  water  j 
a  larger  quantity  of    bodies  soluble  in  alcohol  than  the  resting-miiMk 
(Hklmholtz  ^). 

Attempts  have  been  made  to  solve  the  question  relative  to  the  behavior 
of  the  nitrogenizcd  constituent's  of  the  muscle  at  rest  and  during  activity  bv 
determining  the  total  quantity  of  nitrogen  elimkiated  imder  these  different 
conditions  of  the  body,  Wldlc  formerly  it  was  held  with  Liedig  tliat  tiie 
eliminatinn  of  introgen  by  the  urine  was  increased  hy  muscular  work^  ibe 
rt^earcht^  of  several  experimenters,  espeiually  thtise  <  tf  Voit  on  dc^  and 
Pettenkofer  and  Voit  on  men,  have  led  to  quite  different  results.  They 
have  shown,  as  ha.s  also  lately  been  confirmed  by  other  investigators, 
esjjecially  L  Muxk  and  IliHsriiFKLD,^  that  during  work  no  increase  or 
only  a  very  insignificant  increase  in  the  elimination  of  nitrogen  takes  plac^ 

We  shoukl  not  omit  to  mention  the  fact  that  a  seri^  of  experiments 
has  been  made  sho\\  ing  a  si^ificant  increase  in  the  metabolism  of  prot-eida 
during  or  after  work.    There  are  for  example  the  observ^ations  of  Flint  and 
of  Pa\^^  on  a  pedei^trian,  v.  Wolff,  v.  Fu>rKF:,  Kreuzhage  and  Kellxer  oa 
a  horse,  and  Duxujp  and  his  collaboTatc:)rs  on  working  human  Ijein^s,  and 
of  Krummacher,  PflDger,  Zuntz  and  his  pupils/  and  others.    The  re- 
searches on  the  elimination  of  sulphur  during  rest  and  activity  also  belong 
to  tliis  category.     Tlie  ehmination  of  nitrogen  and  sulphur  ruiis  parallel 
with  the  metabolism  of  proteids  in  resting  and  active  persons,  and  the  quan- 
tity of  sulphur  excreted  by  the  urine  is  therefore  also  a  measure  of  the  pro- 
teid  decomposition.     Tlie  older  re:^earc!ies  of  Engklj^iaxn^  Flint,  and  Pa\t^ 
as  well  as  the  more  recent  ones  of  Beck  and  Benedict,*  and  Dunlop  and 
his  colhibjrators,  .show  an  increased  elimination  of  sulphur  during  or  after 
work,  and  this  speaks  for  an  increasetl  proteid  metabohsm  because  of  mus- 
cular activity,  i 


*  Airh.  f,  .\iiat.  u.  Physiol,  1845. 

'  Voit,  Untersuchutigen  iiber  dea  Emfliiss  des  Kochsalzes,  des  KafTees  und  der 
Muskelbewegungen  auf  dc*ri  SU>lTwechsel  (Miinchen,  1S<>0),  and  Zeitschr,  f.  BicJoeie,  2; 
I.  Munk,  Du  Bois-Reyraond 'a  Arch.,  18[W>  and  ISiKi;  Hirschfeld,  Virchow*s  .\rch.,  121. 

■  Flint,  Joum.  of  Anat.  and  Physiol,  11  and  12;  Favy,  The  Lancet,  187G  and  1S77; 
V.  Wolff,  V.  Funke,  Kellnf^r,  cite<i  from  Voit,  Hermann's  Handb,,  0>  197;  Dunlop,  Xcu'l- 
Paton,  Stockman,  and  Maccadam,  Joum.  of  Physiol,  22;  Kunimacher,  Zeit'H'hr  f. 
Biologic,  33;   Pfliiger,  Pf^uger's  Arch.,  50;   Zuntz,  Arck  f.  (Anat,  a)  Physiol,  18^4. 

*Engdmanji,  ibid.,  1871;   Beck  aod   Benedict,  Pfiiiger'a  Arch.,  54,  and  also  foot- 
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That  an  increased  destruction  of  proteid  h  not  necessarily  produced  by 
work  follows  from  the  recent  obsen^ations  of  Caspasi,  Borxstein,  Kaup, 
Waite,  a,  Loewy,  Atwatkh  and  Bknedict,^  that  a  retention  of  nitrogen 
an?!  a  deposition  of  proteid  occuni?  during  work.  The  contraiUctor}^  obser- 
vations on  the  proteid  destruction  during  and  caused  by  work  a"^e  not 
directly  in  opposition  to  each  other,  because  the  extent  of  proteid  metabo* 
1km  is  dependent  upon  many  conditions,  such  as  the  quantity  and  composition 
of  the  food,  the  condition  of  the  ailipose  tissue  of  the  body,  the  action  of 
the  work  upon  the  respiratory  mechatiism,  etc-,  all  of  which  have  an 
influence  on  the  results  of  the  experiments. 

Recently  Steyrer  '  has  fouud  that  the  muscle  juice  of  a  continuously  tetanized 
muscle  was  somewhat  ]M3orcr  in  ruii^i'iilin  and  cuirrcspornhngly  ri<Vlier  in  myngcn 
than  the  juice  from  a  similar  uori-t*^tanized  nuLsrle.  We  cannot  draw  any  von- 
elusion.^  U'cmi  this  experiment,  hut  it  seems  to  show  that  the  proteids  are  not 
consumed  in  work. 

The  older  investigations  on  the  amount  of  fat  in  muscles  removed  after 
activity  and  after  rest  have  not  leil  to  any  definite  results.  According  to  the 
recent  investigations  of  Zr\"TZ  and  BDc;DAX<nv  *  the  fat  belonging  to  the 
muscle-fibres  and  which  is  difficultly  extracte<l  takes  part  in  work.  Besides 
these  there  are  several  researches  by  Voit,  Petfenkofer  and  VoiT,  J* 
Frextzel,*  and  others  which  make  an  increased  destruction  of  fat  during 
work  probable. 

If  the  results  of  the  investigatioas  thus  far  made  of  the  chemical  proc- 
esses going  ofi  in  the  active  and  inactive  iniiscle  were  collected  together,  we 
would  find  the  following  characteristics  for  the  active  muscle.  The  active 
muscle  takes  up  more  oxygen  and  gives  off  more  carbon  dioxitle  than  tlie 
inactive  muscle;  still  the  elimination  of  carViou  dioxide  Is  increased  con- 
siderably more  than  the  absoq>tion  of  oxygen.     The  respiratory  quotient, 

CO 

—rp,  is  found  to  be  regularly  raised  during  work;  yet  this  rise,  which  will 

be  explained  in  detail  in  a  foUo%vuig  chapter  on  metabolism,  can  hardly  be 
conditioned  on  the  kind  of  processes  going  on  in  the  muscle  during  activity 
with  a  sufficient  supply  of  oxygen.  In  work  a  consumption  of  carbohydrates, 
glycogen,  and  sugar  takejs  place.  A  consiimption  of  sugar  seems  only  to 
have  been  shown  in  muscle  wHth  blood  circulation,  while  a  consumption  of 
glycogen  also  has  been  obsen^ed  in  removed  muscle ►  The  acid  reaction  of 
the  muscle  beromes  greater  with  w^ork.     In  regard  to  the  extent  of  a  re- 


•Caapari,  Pfliiger's  Arch.,  83;  Borastein,  ihid.;  Kaup.  Zeitedir.  f.  Biotogie,  43; 
Waite,  U.  S.  Depart.  Agricult.  Bulletin  80  (\mi);  Atwater  and  Benedict,  ibid,. 
Bull  m  (1890);  LoGwy,  Arch.  f.  (Anat.  u.)  Ph>'siol,  1901. 

*  Hofraeister'a  Bcitriige,  4, 

'  An-h.  f  (Antit.  u.)  Phj'siol.,  1897. 

'Pfliiger'a  Arck.ftS. 
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formation  of  lactic  acid  opinion  is  divided.  An  increased  consumptwa " 
of  fat  has  occajsionally  been  observ^ed.  The  quantity  of  organic  pboa*  j 
phorus  decreases,  and  an  increase  in  the  nitrogenous  extractives  of  tiie 
creatinine  group  seems  also  to  occur,  Proteid  metabolism  has  been  fouad 
increased  in  certain  series  of  experiments,  and  not  in  otliers;  but  an  ia- 
creased  elimination  of  nitrogen  as  a  direct  consequence  of  muscular  e^tertim 
has  thus  far  not  been  positively  proved. 

In  close  connection  with  the  aljove-mentioned  facts  there  is  the  que«tio 
as  to  the  origin  of  muscular  activity  so  far  as  it  has  its  origin  in  chemical 
processes.     In  the  past  the  generally  accepted  opinion  was  that  of  LiEBiGr 
that  the  source  of  muscular  action  consisttnl  of  a  metabolism  of  the  proteid 
bodies;  today  another,  generally  accepted,  view  prevails.     FiCK  and  Wi>- 
LiCENUS  *  climbed  the  Faulhorn  and  calculated  the  amount  of  mechaaicftl 
force  expended  in  the  attempt.     With  this  they  compared  the  mechanical 
eciuivalent  transformed  in  the  same  time  from  the  proteitls,  calculated  fnan 
the  nitrogen  eliminated  with  the  urine,  and  found  tliat  the  work  reiJly 
perfomied  was    not  by  any  means  cumpensated  by  the  consumption  oJ 
proteid.     It  wsLS  therefore  proved  by  this  that  proteids  alone  cannot  be  the 
source  of  muscular  activity,  and  that  this  depends  in  great  measure  on  the 
metabolism  of  non-nitrogenous  substances.     Many  other  observations  have 
led  to  the  same  result,  espechilly  the  experiments  of  Voit,  of  Pettfjs'KOFER 
and  VoiT,  and  of  other  investigators,  whose  observ^ations  show  that  while 
the  ehmination  of  nitrogen  remains  unchangetl,  the  eEmination  of  carbon 
dioxide  tlurlng  wurk  is  very  considerably  increased.     It  is  also  generally 
considered  as  positively  proved  that  muscular  work  is  produced,  at  least  in 
-  greatest  part,  by  the  metabolism  of  non-nitrogenous  substances.     Never^ 
theless  there  Ls  no  \varrant  fur  the  statement  that  muscular  activity  is  pm- 
duced  entirely  at  the  cost  of  the  non-nitrogenous  substances,  and  that  the 
proteid  bodies  are  without  importance  as  a  source  of  energ\\ 

The  hivestigatioiLs  of  Pfluger  '^  are  of  great  interest  in  this  connection. 
He  feil  a  bulldog  for  more  than  seven  montlis  with  meat  which  alone  did  not 
contain  sufficient  fat  and  carbohydrates  even  for  tlie  |)roduction  of  heart 
activity,  and  then  let  liim  work  very  hard  for  periods  of  14,  35,  and  41 
days.  The  positive  results  obtained  by  these  scries  of  experunenti?  was  that 
"complete  muscular  activity  ma^^  be  efTected  to  the  greatest  extent  in  the 
absence  of  fat  and  carbohydmtes/ '  and  the  ability  of  proteids  to  nerve  3&  a 
source  of  muscular  energj-  cannot  be  denietL 

The  nitrogenous  as  well  m  the  non-nitrogenous  nutriments  may  serve  as 
a  source  of  energy ;  but  the  views  arc  divided  in  regard  to  the  relative  value 
of  these.     PfLUGER  claims  that  no  muscular  work  takes  place  without  a 


'  Vierteljahraischr.  d,  Zurich,  naturf.  Ge&ellBch.,  10.     Cited  from  CetitfalbL  L  d. 
med,  Wisa.,  ISfKj,  309. 
'  Pfliiger's  Arch.*  50. 
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decomposition  of  proteid,  and  the  living  cell-substance  prefers  always  the 
poteid  and  rejects  the  fat  and  sugar,  contenting  itself  with  these  only  when 
proteids  are  absent.    Other  investigators,  on  the  contrary,  believe  that  the 
muscles  first  draw  on  the  supply  of  non-nitrogenous  nutriments,  and  accord- 
ing to  Seegen,  Chauveau,  and  LAULANifi  *  the  sugar  is  indeed  the  only 
direct  source  of  muscular  force.    The  last-mentioned  investigator  holds 
tiiat  the  fat  is  not  directly  utilized  for  work,  but  only  after  a  previous 
conversion  into  sugar.     Zuntz  and  his  collaborators  have  made  strong 
objections  to  the  correctness  of  such  a  view.    If,  according  to  Zuntz,  the 
fat  must  be  first  transformed  into  sugar  before  it  can  serve  as  source  of 
muscular  work,  it  must  require  about  30  per  cent  more  energy  to  perform 
the  same  work  with  fatty  food  as  it  does  with  carbohydrates;  but  this  is 
not  the  case.    The  investigations  of  Zuntz  (together  with),  Loeb,  Heine- 
MANx,  Frentzel  and  Reach  '  show  that  all  foodstuffs  have  nearly  the  same 
power  of  serving  as  material  for  the  work  of  the  muscles.    The  law  of  the 
substitution  of  the  foodstuffs,  according  to  their  combustion  equivalents,  is 
also  true  for  muscular  work  and  fat  correspondingly  acts  with  its  full  amount 
of  energy  without  previously  being  transformed  into  sugar.    The  question 
which  foodstuff  the  muscle  prefers  is  dependent  upon  the  quantity  of  the 
same  at  the  disposal  of  the  muscle.    A  direct  substitution  of  the  body 
oaaterial  by  the  bodies  supplied  as  food  does  not  take  place  in  the  muscular 
activity  in  the  ordinary  nutritive  condition.    According  to  Johansson  and 
KoRAEN  '  the  CO,  excretion  produced  by  certain  work  is  not  influenced  by 
the  supply  of  foodstuffs  (proteid  or  sugar). 

Siegfried  considers,  as  above  stated,  the  phosphocarnic  acid  as  a  source  of 

energ}'.    According  to  his  and  Kruger  's  *  researches  phosphocarnic  acid,  which 

}ieI(Js  on  cleavage,  among  other  bodies,  carbon  dioxide,  occurs  in  part  prefornied 

in  the  muscle,  and  in  part  as  a  hypothetical  aldehyde  combination  of  the  same — a 

combination  which  forms  phosphocarnic  acid  on  oxidation.     Siegfried  therefore 

makes  the  suggestion  that  in  the  resting  muscle,  which  requires  more  oxygen 

than  exists  in  the  carbon  dioxide  eliminated,  this  reducing  aldehyde  substance  is 

gradually  oxidized  to  phosphocarnic  acid,  which  is  used  in  the  activity  of  the 

muscle  with  the  splittin    off  of  carbon  dioxide. 

Quantitative  Composition  of  the  Muscle.  A  large  number  of  analyses 
have  been  made  of  the  flesh  of  various  animals  for  puiely  practical  purposes, 
in  order  to  determine  the  nutritive  value  of  different  varieties  of  meat;  but 
there  are  no  exact  scientific  analyses  with  sufficient  regard  to  the  quantity  of 

'  See  Seegen,  foot-note  3,  page  396.  The  works  of  Chauveau  and  his  collaborators 
are  found  in  Compt.  rend.,  121, 122,  and  123;  Laulanie,  Arch,  de  Physiol.  (5),  8. 

'  Loeb,  Arch.  f.  (Anat.  u.)  Physiol.,  1894;  Heinemann,  Pfluger's  Arch., 83;  Frentzel 
and  Reach,  ibid. 

« Skand.  Arch.  f.  Physiol,  13. 

*  Zeitachr.  f.  physiol.  Chem..  22. 
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different  proteid  bodies  and  the  remaining  muscle-constituents,  or  these 
analyses  arc  incomplete  or  of  little  value. 

To  give  the  reader  some  idea  of  the  variable  composition  of  muscle- 
substance  the  following  summary  is  presented,  chiefly  obtained  from  K.  3. 
HoFMAXN  's  *  book.    The  figures  are  parts  per  1000. 

Muscles  of  Muscles  of  cJiTu!^^  i 

Mammals,  Birds.  ^^^il^Sl^ 

Solids 217-2,55  227-282  200 

Water 745-783  717-773  800 

Organic  bodies 208-245  217-2()3  180-190 

Inorganic  bodies 9-10  10-19  10-20 

Myosin 35-103  29.8-111  29.7-87 

Stroin.i  substance  (Danilewsky) 78-161  88.0-184  70.0-121 

Creatine 2                            3.4  2.3 

Xanthine  bodies 1.^-1.7  0.7-1.3  — 

Inosinic  acid  (barium  salt) 0.1  0.1-0.3  — 

Protic  acid —                            —  7.0 

Taurin 0.7  (horse)              —  1.1 

Inosite 0.03                         —  — 

Glycogen 4-37                          —  3-5 

Lactic  acid 0.4-0.7                       —  — 

Phosphoric  acid 3 . 4-4 . 8 

Potash 3.0-4.0 

Soda 0.3 

Lime 0.2 

Magnesia 0.4 

Sodium  chloride 0.0^-0.1 

Iron  oxide 0.04-0. 1 

In  this  table,  which  has  little  value  ])ocausc  of  the  variation  in  tlie  com- 
position of  the  muscles,  no  results  are  give  n  as  to  the  estimates  of  fat.  Owinfr 
to  the  variable  quantity  of  fat  in  moat  and  the  incompleteness  of  the  older 
methods  of  estimation  it  is  hardly  ])ossi])lc  to  quote  a  j^ositive  average  for 
this  ])ody.  After  most  careful  efforts  to  remove  the  fat  from  tlie  muscles 
without  chemical  moans,  it  hius  l)oon  found  that  a  variable  quantity  of  inter- 
muscular fat,  which  does  not  really  ])olon;r  to  the  muscular  ti.ssue,  always 
remains.  The  smallest  quantity  of  fat  in  the  muscles  from  lean  oxen  is 
6.1  ]).  m.  according  to  Grouvex,  and  7.6  p.  m.  according  to  Peti:rse\. 
This  last  ob.sorv'er  also  found  regularly  a  smaller  quantity  of  fat,  7.6-S.6 
p.  m.,  in  the  fore  quarters  of  oxen,  and  a  greater  amount,  30.1-34.6  p.  m., 
in  the  hind  quarters  of  the  animal,  but  this  could  not  ])e  substantiateil 
by  Steil.^  a  small  quantity  of  fat  has  also  boon  found  in  the  mr.sdos 
of  wild  animals.  ]i.  Koxio  and  pAKWirK  foimd  10.7  p.  m.  fat  in  the  muscles 
of  the  extremities  of  the  hare,  and  14.3  p.  m.  in  the  muscles  of  the  part  rid  o. 
The  muscles  of  pigs  and  fattened  animals  are,  when  all  the  adherent  fat 
is  removed,  very  rich  in  fat,  amounting  to  40-90  p.  m.    The  muscles  of 

»Lehrbuch  d.  Zoochem.  (Wien,  1876),  104, 
» See  Steil,  Pfliiger's  Arch.,  61. 
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certain  fishes  also  contain  a  l:irgc  quantitj^  of  fat.  According  to  Almen, 
in  the  flesh  of  the  salmon,  the  nuiekerelj  and  the  eel  there  are  contained 
respectively  100,  164.  and  329  p.  m,  fat.* 

.  The  quantity  of  wahr  in  the  rniij^ele  is  liable  t-o  considerable  variation. 
The  quantity  of  fat  has  a  special  infliience  on  the  fjuantity  of  water^  and  one 
finds,  as  a  rule,  that  the  flesh  which  is  deficient  in  water  Is  correspondingly 
rich  in  fat.  The  quantity  of  water  does  not  depend  alone  Ujion  the  amount 
of  fat,  but  upon  many  other  circumstancci^,  among  which  must  \ye  mentioned 
the  ao:e  of  the  animah  In  yoimg  animali^  the  organs  in  general,  and  there- 
fore  also  the  musclus,  are  poorer  in  ^yjluh  and  richer  in  water.  In  man  the 
quantity  of  water  decreases  until  mature  age,  but  increases  again  towards 
old  age.  Work  and  rest  also  influence  the  tiuantity  of  water,  for  the  active 
muscle  contains  more  water  than  the  inactive.  The  uninterruptedly  active 
heart  should  therefore  be  the  muscle  richest  in  water.  That  the  quantity 
of  water  may  vsxy  independently  of  the  amount  of  fat  is  strikingly  shoT;\m 
l»y  comparing  the  nuiscles  uf  different  species  of  animals.  In  cold-bhwded 
animals  the  muscles  generall}^  have  a  greater  quantity  of  water,  in  birds  a 
lower.  The  comparison  of  the  flesh  of  cattle  and  fish  shows  ver}-  strikingly 
the  aifferent  amounts  of  water  (indei>endent  of  the  quantity  of  fat)  in  the 
flesh  of  different  animals.  According  to  the  analysis  of  Alm^x,'  the  muscles 
of  lean  oxen  contain  15  p.  m.  fat  and  767  p.  m.  w*ater;  the  flesh  of  the 
pikr  contains  only  1.5  fat  and  839  p.  ni.  water. 

For  certain  purposes,  as,  for  example,  in  expeiiments  on  metabolism,  it 
is  important  to  knoAv  the  elementary  composition  of  flesh.     In  regard  to 

■  the  ((uantity  of  nitrogen  we  generally  accept  Voit*s  figure,  namely,  3.4 
per  cent,  as  an  average  for  fresh  lean  meat.     According  to  Nowak  and 

^Huppekt'  this  quantity  may  vary  about  0,6  per  cent,  and  in  more  exact 
ivestigations  it  is  therefore  necessary  to  specially  determine  the  nitrogen. 

IComplete  elementar^^  analyses  of  flesh  have  recently  been  made  with  great 

'eare  l^y  .VitGUTixsKV.  The  avera;:c  fur  ox-flesh  dried  in  vacuo  and  free 
frcrni  fat  and  with  the  glycogen  ileducted  was  as  follows:  C  49.6;  II  6.9; 
N  15.3;  O+S  23,0;  and  ash  5.2  percent.  Koiiler  found  as  an  average  for 
water  and  fat-free  beef  C  19.86;  li  6.7S;  N  15.t>S;  O+S  22.3  per  cent,  wMch 
are  very  similar  results.  This  investigator  lias  also  made  similar  analyses 
of  tlie  fit^h  of  various  animals  and  has  also  determined  the  calorific  value 

I  of  the  ash  and  fat-free  dried  meat  substance.  This  value  was,  per  gram 
Df  sul>Ptance,  5.599-*5.677  cal.    The  relationsliip  of  the  carbon  to  nitrogen, 


*  In  ri'gard  to  the  Uterat\jre  and  cornplote  statonifliits  on  the  compaaition  of  fle«h 
of  various  animab,  sec  Kutiig,  Chemit^  der  MieascMichen  Nahrungs-  mid  Gcnussmittel, 

k4.  Aufl. 

*  Nova  Act.  rcg.  Soc.  Sclent.  Upsal,,  \'ol.  extr.  ord.,  1877;  also  Maly's  Jiihreaber»  7. 
M'oit,  Zeitschr.  f.  Biologic,  1;  Huppcrt,  ibid,,  7;  Now&k,  Wien  Sitzimgsber.,  Mt 

.  Abth.  n. 
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which  Argutinskt  calls  the  "flesh  quotient,"  is  on  an  average  3^4  :1- 
From  Kohler's  analyses  the  average  for  beef  is  3.15  ;  1  and  for  horse-flesh 
3.38  :1.  Aeeortling  to  Salkowski,  of  the  total  nitrogen  of  beef  77.4  per 
cent  was  insoluble  proteids,  10.08  per  cent  soluble  proteids,  and  12.52  per 
cent  other  soluble  bodies*  Frextzel  and  Schreuer  *  find  that  about 
7J4  per  cent  of  the  total  nitrogen  belongs  to  the  nitrogenous  extractives. 

Tliere  exist  complete  investigations  by  Katz  •  as  to  the  quantity  of  min- 
eral constitucuts  of  the  muscles  from  man  and  animals.  The  variation  in 
the  different  elements  Is  considerable.  Pork  is  much  richer  in  sodium  as 
comimred  with  potiissium  than  other  kinds  of  meat.  The  quantity  of  mag- 
nesium is  greater  and  often  considerably  greater  than  calcium  in  all  kinds  of 
flesh  investigated,  with  the  exception  of  shell-fish,  the  eel,  and  the  pike. 
Beef  is  ver}'  poor  in  calcium.  Potassium  and  phosphoric  acid  are  the  most 
abundant  mineral  constituents  of  all  flesh. 

Non-striated  Muscles. 

The  smooth  muscles  have  a  neutral  or  alkaUne  reaction  (Du  Bois- 
Reymond)  when  at  rest.  During  activity  they  are  acid,  which  is  inferretl 
from  the  observations  of  Bernstein,  who  found  that  the  nearly  continually 
contracting  sphincter  muscle  of  the  Anodonki  is  acid  during  life.  The 
smooth  muscles  may  also,  according  to  IIeidexeiaix  and  Kuhne,  pass  into 
rigor  mortis  and  thereby  become  acid.  A  spontaneous  but  slowly  coagulat- 
ing plasma  has  also  been  observetl  in  several  cases. 

In  regard  to  the  proteids  of  the  smooth  muscles  we  have  the  ohler 
statements  of  Heidexh.^ix  and  Hellwig;  "  they  were  first  carefully  studied 
according  to  newer  methods  by  Muxk  and  Velichi.*  This  last  experi- 
menter has  prepareii  a  neutral  plasma  from  the  gizzard  of  geese »  accordhig 
to  v.  Fijrth's  method.  This  plasma  coagulated  spontaneous^  at  the 
temperature  of  the  room,  although  slowly.  It  contained  a  globulin,  pre- 
cipitatetl  by  dialysis,  which  coagulated  at  55-60*^  C.  and  also  showed  cer- 
tain similarities  with  Kuhxe's  myosin.  A  spontaneously  coagulating 
albumin,  which  differed  from  myogen  (v.  Furtii)  by  coagidating  at  45-50*^  C, 
and  %vhich  passes  by  spontaneous  coagulation  into  the  coagulated  modifica- 
tion without  a  soluble  intermediate  product,  exists  in  still  greater  quan- 
tities in  this  plasma.     Alkali  albuminate-s  do  not  occur,  but  a  nudeoproteid 


I 


*  Argutinsky,  Pfluger*s  Arch.,  55 ;  Kohler,  Zettschr.  f,  phj^ioL  Cbern,,  31;  Sal- 
kowski,  CentralbL  f.  d.  med.  Wisaenacb,,  1894;  Frentzel  and  Schreuer,  Arch.  f.  (AnaL 
u.)  Physiol,  1902. 

*  Pfluger^s  Arch,  (13.     See  also  Schmey,  Zc  tsehr    f.  phvsiol.  Chem.,  39, 

*  Du  Boia- Reymond  in  Nasae,  Hermann  's  Handb.,  1,  S39;  Bernstein,  ibid.;  Heiden- 
hain.  ^hd,  340,  with  Uellwig.  ih,d,,  339;    Kubne,  Lehrbuch,  331. 

*Munk  and  Velichi,  Ccntralbi  f.  PhystoL,  12, 
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«  found,  which  exists  in  about  five  times  the  quantity  as  compared  with 
striated  muscles. 

Recent  investigations  of  Bottazzi  and  Cappeli,  Vincent  and  Lewis, 
"ViNCEXT,  and  v.  Furth,*  some  on  the  muscles  of  wain-blooded  and  some 
on  those  of  lower  animals,  have  led  to  somewhat  contradictory  results,  but 
they  substant'ate,  as  a  whole,  the  observations  of  Munk  and  Velichi. 
Seddes  the  nucleoproteids  the  smooth  muscles  contain  two  bodies  corre- 
sponding in  coagulation  temperature  to  musculin  and  myosinogen  (myogen, 
T.  Furth)  but  they  are  not  identical  therewith. 

Hamoglobin  occurs  in  the  smooth  muscles  of  certain  animals,  but  is 
ibsMit  in  others.  Creatine  has  been  found  by  Lehmann.'  According  to 
Mmt  and  Valenctennes  •  the  muscles  of  the  cephalopods  contain 
tamn  besides  creatinine  {creatine  f).  Of  the  non-nitrogenous  substances, 
^ycojen  and  lactic  acid  have  been  found  without  doubt.  The  mineral  con- 
stituents show  th3  remarkable  fact  that  the  sodium  combinations  exceed 
tbe  potassium  combinations. 

*  Bottazzi,  CentralbL  f.  Physiol.,  15;  Vincent  and  Lewis,  Joum.  of  Physiol,  26;. 
Vmeent,  Zeitschr.  f.  physiol.  Chem.,  34;  v.  Fiirth,  ibid.,  81. 
'Cited  from  Nasse,  1.  c,  339. 
'Cited  from  KOhne's  Lehrbuch,  333. 
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On  account  of  the  difficulty  in  itmking  a  mechanical  separation 
isolation  of  the  diiTerent  ti^tie-elements  of  the  nen''ous  central  organ 
the  nerv^es,  we  must  resort  to  a  few  microchemieal  reactions,  chiefly 
qualitative  and  tiuantitative  inve.sti|2;ations  of  the  different  parts  of  ti 
brain,  in  order  to  stiuly  the  varied  chemical  composition  of  the  cells 
the  ner\'e-axe,s.  This  8tudy  is  accompanied  with  the  greatest  difficiJ' 
and  although  our  knowledge  of  the  chemical  cDniix>sition  of  the  brain  ai 
nerves  has  been  somewhat  extended  by  the  investigations  of  modem  liroeSr 
t^till  it  must  be  admitted  that  this  subject  is  as  yet  one  of  the  most  obscure 
and  complicated  in  jiliysiological  chemistr\\ 

Proteids  of  different  kinds  have  been  shown  to  be  chemical  constituents 
of  the  brain  and  nerves.     Some  of  them  are  insoluble  in  water  and  dilute 
neutral-salt  solutions,  and  some  are  soluble  therein,     .\mong  the  latter  are 
foimd  albumin  and  globulin,    Nurkoalhumin,  which  is  often  considered  aa 
an  alkali  albuminate,  also  occurs  in  the  brain.     Just  as  there  are  lecithin^ 
albumins,    compounds  of  nueleoalburains  with  lecithinj   so  according  ta 
Vlpiani  and  Lklli  *  there  exists  an  analogous  compound  with  protagon  in 
the  brain  which  is  considered  by  these  experimenters  as  a  combination 
bet%veen  protagon  and  a  pseudonuclein.     Halliburton  ^  found  two  globu- 
lins in  the  brain,  one  of  which  coagulated  at  47-50°  C  and  the  other  at 
70*^  C.     He  found  in  the  gray  matter  a  nucleoalbumin  which  coagulated 
at  55-60*^  C.  and  contained  0.5  per  cent   jiliosphorus.     It  is  not  known 
what  relation  this  nucleoalbumin  bears  to  the  nuclmproicid  detected  by 
Levexe  '  which  contains  alK>ut  the  same  quantity  of  phosphorus,  namely 
0.56    per    cent.     This    last-mentioned    nodeoproteid    yields    adenine   and 
guanine  as  cleavage  products.        There  does  not  seem  to  be  any   doubt 
that    the    proteids   Ix^long   chiefly    to    the   gray   substance   of   the   brain 
and    to    the    axis-cylinders.      The  same  remarks  apply  to   tlie   nuclcin, 


'  Cited  from  Chem.  Ceatmlbl,  lJ>n2,  2.  292. 
'On  the  chemical  phvsiolofjy  of  the  ftnimal  cell,  Kings  College,  Londoa,  Ph^-sio- 
logical  Laboratory  ColltK'tod  Papt^rs  No.  1,  1893. 

*  Arch,  of  Neurology  and  Psycho  pathology,  2  (1899). 
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\rMcli  T.  Jacksch  *  found  in  large  quantities  in  the  gray  substance.  Neuro- 
Ikralin,  which  was  first  detected  by  Kuhnb,  and  which  partly  forms  the 
1  neuroglia,  and  which  as  a  double  sheath  envelops  the  outside  of  the  nerve 
I  medulla  under  Schwann's  sheath  and  the  inner  axis-cylinders,  chiefly 
I  occurs  in  the  white  substance  (Kuhne  and  Chittenden,  Baumstark  '). 

The  phosphorized  substance  protagon  must  be  considered  as  one  of  the 
diief  constituents,  perhaps  the  only  constituent  (Baumstark),  of  the  white 
substance.    This  last-mentioned  substance,  if  we  keep  for  the  present  to 
the  most  carefully  studied  protagon — ^because  there  are  perhaps  several 
Cerent  protagons — ^yields  as  decomposition  products  lecithin,  fatty  acids, 
and  a  nitrogenous  substance,  cerebrin.    It  is  difiicult  to  state  whether 
ihis  body  also  exists  preformed  in  the  brain.    At  least  an  allied  substance, 
<w6nm,  occurs  preformed  in  the  brain.    That  lecithin  also  is  pre-existent 
in  the  brain  and  nerves  can  hardly  be  doubted.     The  investigations  thus 
ftf  made  have  not  shown  decidedly  whether  it  is  more  abundant  in  the 
iray  or  the  white  substance.    Fatty  acids  and  netUral  fats  may  be  prepared 
from  the  brain  and  nerves;   but  as  these  may  be  readily  derived  from  a 
decomposition  of  lecithin  and  protagon,  which  exist  in  the  fatty  tissue 
between  the  nerve-axes,  it  is  difficult  to  decide  what  part  the  fatty  acids 
^d  neutral  fats  play  as  constituents  of  the  real  nerve-substance.    Choles- 
terin  is  also  f oimd  in  the  brain  and  nerves,  in  part  free  and  in  part  in  a  chem- 
ical combination  of  unknown  constitution  (Baumstark).    Cholesterin  seems 
to  occur  in  greater  abundance  in  the  white  substance.     Besides  these  sub- 
stances the  nerve  tissue,  especially  the  white  substance,  contains  doubtless 
a  number  of  other  constituents  not  well  known,  and  among  which  are 
several  containing  phosphorus.    Thudichum,**   who   has   made   thorough 
investigations  of  the  brain  and  has  described  a  great  number  of  brain  con- 
stituents, has  given  the  name  phospJiatid^s  to  all  substances  of  the  brain 
containing  the  phosphoric-acid  radical.     Those  phosphatides,  which  con- 
tain only  one  phosphoric-acid  radical,  are  called  monophosphatides,  those 
'With  two  such  radicals,  diphosphatides.     The  monophosphatides  can  con- 
tain one,  two,  or  more  nitrogen  atoms  in  their  molecule,  while  there  are  also 
^trogen-free   monophosphatides.     Irrespective   of    the    relation   between 
phosphorus  and  nitrogen  certain  phosphatides  differ  from  the  lecithins  by 
^^t  yielding  any  glycerophosphoric  acid.     These  investigations  of  Thudi- 
^Tjm  are  without  doubt  of  great  importance,  but  as  they  have  not  been 
^peated  we  cannot  enter  into  a  discussion  of  the  bodies  described  by  him. 
By  allowing  water  to  act  on  the  contents  of  the  medulla,  round  or 

»  Pfluger's  Arch.,  13. 

'Kuhne  and  Chittenden,  Zeitschr.  f.  Biologie, 26;  Baumstark,  Zeitschr.  f.  physioL 
^em.,  9. 

'  Thudichum,  Die  chemische  Konstitution  des  Gehims  des  Menschen  und  der  Tiere. 
T'ubingen,  1901. 
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oblong  double-contoured  drops  or  fibres,  not  unlike  double-contoured 
nen^es,  are  formed*  This  remarkable  formation,  which  can  also  be  seen  in 
the  medulla  of  the  dead  nen^e,  has  been  called  *'myiiiTie  foT^ms/*  and  they 
were  formerly  considered  as  producetl  from  a  special  body,  "  myeline/' 
Myeline  forms  may,  however,  be  obtained  fn»m  other  bodies^  such  as  innpure 
protagon^  lecitliin,  fat,  and  impure  cholesterin,  and  they  depend  upon  & 
decomposition  of  the  constituents  of  the  medulla.  According  to  Gad  and 
Heymans  ^  myeline  is  lecithin  in  a  free  condition  or  in  loose  chemical  com- 
bination. 

The  extraciii^  bodies  seem  to  be  almost  the  same  as  in  the  muscles. 
One  finds  crm^mf,  which  may,  however,  be  absent  (Baumstark),  xanthine 
bodies,  inositCf  lactic  acid  (also  fermentation  lactic  acid),  phosphocamic  acid^ 
uric  acid,  jecorin  (according  to  Baldi,^  in  the  human  brain),  and  the  diamine 
neuridine,  CjHi^Nn,  discovered  by  Brieger  '  and  which  is  most  interesting 
because  of  its  appearance  in  the  putrefaction  of  animal  tissue  or  in  cultures 
of  the  typhoid  bacillus.  Under  pathological  conditions  leiicin  and  urea  have 
been  found  in  the  brain.  Urea  is  also  a  physiological  constituent  of  the 
brain  of  cartilaginous  fehes. 

Of  the  above-mentioned  constituents  of  the  nerve-substance  protagon 
and  its  decomposition  pniducts,  the  cerebrins  or  cerebrosides,  must  be 
specially  desc rib ed . 

Protagon.  This  body,  which  was  discovered  by  Liebreich,  is  a  nitrog- 
enizcd  and  phosphorized  substance  whose  elemcntar\'  composition,  accord- 
ing to  Gamgee  and  Blankexhorx,  is  C  66.39,  H  10.69,  N  2.39,  and  P  l,Om 
per  cent.  Baumstahk  and  Ruppel  obtained  the  same  figures,  while  Lieb- 
REiCH  found  an  average  of  2-SO  per  cent  X  and  1/23  per  cent  P.  Kossel 
and  Freytag,  who  obtained  still  higher  figures  for  the  nitrogen,  namely, 
3,25  per  cent,  and  somewhat  lower  figures  for  the  phosphorus,  0,97  per  cent, 
found  some  sulphur,  an  avenige  of  0.51  per  cent,  regularly  in  the  pnvtagon. 
Ruppel  als<L»  found  some  sulphur,  but  in  such  small  quantity  that  he  con- 
sidered it  as  a  contamination.  On  boiling  ^\ith  bar>*tii-water  protagou 
viekLs  the  de<*<  mi  posit  ion  pmducts  of  lecithin,  namely,  f*itty  acids,  glycero- 
p!u)S]ihDric  acid,  and  clioUne  (neuriiie?^,  and  be^^iiles  this,  as  above state<l,  alsi> 
cerebrin.  Kossel  and  Freytag  found  that  protagon  not  only  yielded  cere- 
brin  in  its  decomposition,  but  two  and  perhaps  indeetl  three  cerebrosides 
(see  below),  namely,  CEREBniN,  kerasin  (homocerebrin),  and  exci:pijalin. 
Because  of  this  behavior,  and  also  because  of  the  varvnng  elementary  com- 
posifit>n  although  the  greatest  care  was  taken  in  the  preparation,  Frk^tag 
couiiiders  it  ver>'  probalilc  tliat  there  are  several  protagons.     Jleeent  investi- 
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fkHoDs  of  WoRNER  End  Thierfelder,  as  well  as  those  of  Lesem  and  Gies/ 

ihow  that  protagon  is  not  a  unit  substance  but  a  mixture. 

On  boiling  with  dUute  mineral  acids,  protagon  yields  among  other  sub- 

lUuices  a  reducing  carbohydrate.    On  oxidation  with  nitric  acid  protagon 

jidds  higher  fatty  acids. 

Protagon  appears,  when  dry,  as  a  loose  white  powder.  It  dissolves  inr 
ikohol  of  85  vols,  per  cent  at  45^  C,  but  separates  on  cooling  as  a  snow- 
ibite,  flaky  precipitate,  consisting  of  balls  or  groups  of  fine  crystalline 
needles.  It  decomposes  on  heating  even  below  100°  C.  It  is  hardly  soluble 
mcold  alcohol  or  ether,  but  dissolves  on  warming.  It  swells  in  little  water 
ind  partly  decomposes.  With  more  water  it  swells  to  a  gelatinous  or  pasty 
mass,  which  with  much  water  yields  an  opalescent  liquid.  On  fusing  with 
nitpeter  and  soda,  alkali  phosphates  are  obtained. 

Protagon  is  prepared  in  the  following  way:  An  ox-brain  as  fresh  as 
possible,  with  the  blood  and  membranes  carefully  removed,  is  ground  fine 
and  then  extracted  for  several  hours  with  alcohol  of  85  vols,  per  cent  at 
45°  C,  filtered  at  the  same  temperature,  and  the  residue  extracted  with 
wwm  alcohol  until  the  filtrate  does  not  yield  a  precipitate  at  0°  C.  The 
several  alcoholic  extracts  are  cooled  to  0°  C.  and  the  precipitates  united  and 
eompletely  extracted  with  cold  ether,  which  dissolves  the  cholesterin  and 
lecithin-like  bodies.  The  residue  is  now  strongly  pressed  between  filter- 
paper  and  allowed  to  dry  over  sulphuric  acid  or  phosphoric  anhydride.  It 
IS  now  pulverized,  digested  with  alcohol  at  45°  C,  filtered,  and  slowly  cooled 
to  0°  C.  The  crystals  which  separate  may  be  purified  when  necessary  by 
recrystallization. 

The  same  steps  are  taken  when  one  wishes  to  detect  the  presence  of  pro- 
tagon. 

On  decomposing  protagon  or  the  protagons  by  the  gentle  action  of 
alkalies  we  obtain  as  cleavage  products,  as  above  stated,  one  or  more  bodies 
^hich  Thudichum  has  embraced  under  the  name  ccrcbrosicks.  The  cere- 
hrosides  are  nitrogenous  substances  free  from  phosplionis,  which  yield  a 
'Cueing  variety  of  sugar  (galactose)  on  boiling  with  dilute  mineral  acids, 
pn  fusing  with  potash  or  by  oxidation  with  nitric  acid  they  yield  higher 
^tty  acids:  palmitic  or  stearic  acids.  Tlie  cercbrosides  isolated  from  the 
^fain  are  cerebrin,  kerasin,  encephalin,  and  cerebron.  The  bodies  isolated 
^y  KossEL  and  FRE^tTAG  from  pus,  and  called  pyosin,  and  pyogcnin  also 
^long  to  the  cercbrosides. 

Cerebrin.  Under  this  name  W.  Muller  ^  first  described  a  nitrogenous 
Ubstance,  free  from  phosphonis,  which  he  obtained  by  extracting  with  boil- 

*  Gamgee  and  Blankenhom,  Zeitschr.  f  physiol.  Chem.,  3;  Bauinstark,  1.  c. ; 
^uppel,  Zeitschr.  f.  Biologie,  31;  Liebreich,  Annal.  d.  Chem.  u.  Pharm.,  134;  Kossel 
md  Freytag,  Zeitschr.  f.  physiol.  Chem.,  17;  Womer  and  Thierf elder,  ibid.,  30;  Lesem 
ind  Gies,  Amer.  Joum.  of  Physiol,  8. 

'  Annal.  d.  Chem.  u.  Pharm. ,  105. 
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ing  alcohol  a  brain-mass,  wMch  had  been  previously  boQed  with  barrta- 
water.  Following  a  method  essentially  the  same,  but  differing  someniuit, 
Geoghegan  '  prepared  from  the  brain  a  cerebrin  with  the  same  properties 
^.s  Ml'ller's,  but  containing  les^s  nitrogen.  According  to  Pabcos  *  the 
cerebrin  isolated  by  Gedghecax,  as  well  as  by  Muller,  consists  of  a  mirtuie 
of  three  Ixjdies, ' '  cerebrin, ' '  *  *  homocerebrin, '  *  and  *  *  encephalin. '  *  Ko@S£l 
and  Freitag  Lsolatel  two  cerebrosides  from  protagon  which  were  identical 
with  the  cerebrin  and  homocerebrin  of  Parous.  According  to  these  inves- 
tigators the  two  bodies  phrenosin  and  kerasin,  as  described  by  Thxjbichum, 
seem  to  be  identical  with  cerebrin  and  homocerebrin. 

Cerebrin,  according  to  Pabcus,  has  the  following  composition:  C  69.08^ 
H  11.47,  N  2  J 3,  O  17.32  per  cent,  which  corresponds  with  the  analyses  made 
by  KossEL  and  FRE\"rAG.  No  formula  has  been  given  to  this  body.  In 
the  dr>'  state  it  forms  a  pure  white,  odorless,  and  tasteless  powder.  On 
heating  it  melts,  decomposes  gradually,  smells  like  burnt  fat,  and  bums 
^ith  a  luminous  flame.  It  Is  insoluble  in  water,  dilute  alkalies,  or  baryta- 
wrater;  also  in  cold  alcohol  and  in  cold  or  hot  ether.  On  the  contian-,  it  is 
soluble  in  boiling  alcohol  and  separates  as  a  flaky  precipitate  on  cooling. 
and  this  b  found  to  consist  of  a  mass  of  balls  or  grains  on  microscopical 
examination.  Cerebrin  forms  a  compound  with  barj'ta,  which  is  insoluble 
in  water,  and  is  decomposed  by  the  action  of  carbon  dioxide.  Cerebrin 
illssolves  in  concentrated  sulphuric  acid,  and  on  warming  the  solution  it 
Ijecomes  bloo<l-red.  The  variety  of  sugar  split  off  on  boiling  with  mineml 
iirids^the  so-called  brain-sugar — is,  according  to  Thierfelder^* galactose. 

Kerasin  (accurfling  t^  Thudichum),  or  fwmocercbrin  (according  to 
rAHcuK),  has  the  fuUowinj:^  ronipusition:  C  70M,  H  llMh  X  2.23,  and 
<>  16.11  per  cent.  EncephaUn  has  the  composition  C  68.40,  H  11.60, 
N  3.00,  and  O  16.91  per  cent.  Both  bodies  remain  in  the  mother-liquor 
after  the  impure  cerebrin  has  precipitated  from  the  warm  alcohol.  These 
bodies  have  the  tendency  of  separating  as  gelatinous  masses.  Kerasin  is 
similar  to  cerebrin,  but  dissolves  more  easily  in  warm  alcohol  and  also  in 
if^'arm  ether.  It  may  be  obtained  as  extremely  fine  needles.  Encephalin 
is,  according  to  Parcus,  a  transformation  product  of  cerebrin.  In  the 
perfectly  pure  state  it  cr>^staUizes  in  small  lanielL©.  It  sw^ells  into  a  pasty 
mass  in  warm  water.  Like  cerebrin  and  kerasin,  it  yields  a  reducing  sub- 
stance (probably  galactose)  on  boiling  with  dilute  acid. 

The  cerebrins  are  generally  prepared  according  to  MrLLER*3  method. 
The  brahi  is  first  stirred  with  barv'ta-water  imtd  it  appears  like  thin  milk, 
and  then  it  is  boihxl.  The  insoluble  parts  are  removeil,  pressed,  and  re- 
peatedly boiled  with  aleohi>l,  which   i.s   fUtered  while  boiling  hot.     The 


*  Zeitachr  t  physiol  Chem. ,  S, 

'  Parens,  Ueber  einige  neue  Gebim^stoffe. 

*Zeitachr.  f.  physiol  Chem,,  li. 
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impure  cerebrin  wiiieh  separatei?  uri  cooling  Ls  freed  from  cliolesterin  and 
fat  by  means  of  ether  and  then  purified  by  repeated  solution  in  warm 
alcohoL  According  to  Parcus  this  repeated  solution  in  alcohol  is  ctm- 
tinned  until  no  gelatinous  separation  of  homoeerebrin  or  encephalin  take.^ 
place. 

Acording  to  Geoghegax  's  method  the  brain  is  first  extracted  with  cokl 
alcohol  and  ether  and  then  boiled  with  alcohoL  The  preeipitate  which 
separates  on  the  cooling  of  the  alcohoHc  filtrate  is  treated  with  ether  and 
then  boileil  with  barvta-water.  The  insoluble  r^idue  is  i>urified  by  repeated 
solutif^n  in  boiling  alcohol. 

The  cerebrin  may  also  be  obtained  from  other  organs  by  employing  th^ 
above  methods.  The  quantitative  estimation,  when  such  is  desired,  may  be 
peiformefl  in  the  same  way, 

Kos,SKL  and  Freytag  prepare  cerebrin  from  protagon  by  saponifying  it 
in  sohition  in  methyl  alcohtd  with  a  hot  solution  of  caustic  baryta  in 
methyl  alcohol.  The  precipitate  is  filtered  off  and  decomposed  in  water  by^ 
carbon  dioxide  and  the  cerebrin  or  cerebroside  extracted  from  the  insoluble 
residue  with  hot  alcohol. 

Cerebron  is  a  substance  belonging  to  the  cerebroside  group  which  can 
be  prepared  iroin  the  brain  without  saponification  with  baryta  evea 
at  a  temperature  below  50°  C,  hence  it  may  exist  preformed  in  the 
brain.  This  substance  first  isolated  by  Worxer  and  Thierfelder  *  has 
the  composition  C  GO.  16,  H  1L54,  N  1,76,  O  17.54  per  cent.  It  melts  at 
212°,  dissolves  in  warm  alcolnd  ami  separates  out  m\  cooHu'^:.  From  [jroper 
solvents  (acetone  containing  chloroform)  it  may  be  separated  as  small 
neeiUes  or  plates.  If  cerebron  is  suspended  in  S5  per  cent  alcohol  at  a 
temperature  of  50°  C.  it  balls  together  in  amorphous  masses  and  from 
these  needle  and  leaf-shaped  cr>'Stals  gradually  form.  Cerel>ron  also 
yields  ^ralactose. 

Cephalin  is  a  body  similar  to  lecithin,  whose  formida,  basetl  upon  the 
investifxations  of  Thudichum  and  of  W.  Koch,  is  probably  C^jHgjNPOi,. 
Cephalin  contains  only  one  methyl  group  and  according  to  Koch  is  probably 
a  diox>'stear}^lmonomethyl  lecithin.  It  is  amorphous  and  swells  up  in 
water  hke  lecithin.  It  is  soluble  in  cold  ether,  glacial  acetic  acid,  and  chloro- 
form, but  is  insoluble  in  acetone  and  in  alcohol,  either  cold  or  warm.  It 
is  obtained  from  the  brain  after  dehydration  with  acetone  by  extraction 
with  ether  and  precipitating  the  concent  rated  ethereal  extract  with  alcohol. 
The  cephalin  is  perhaps  identical  with  the  myeline  substance  isolate<:l  by 
ZcTiLZER  ^  from  the  brain.  According  to  TnuDiCHtrM  it  contains  a  specially 
unsaturated  fatty  acid  called  cephalic  acid. 

Bethe*  has  preimred  the  following  dor om petition  products  from  the  brain 
of  the  horse  after  treatment  with  CuCL  and  alkali:  aminoctrdinnic'ocid  glucoside, 

«  Zettschr.  f ,  physioL  Chem  ,  30. 

*  W.  Koch,  Zeit-Hchr  f  phv»bl  Chem,,  .H'»;  Zueber,  ibid.,  27, 
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C^^Hgfi^^t  which  on  boiling  with  hydrochloric  acid  yielth  cerebrinic  add,  amino- 
cerebri iiic- acid  chloride,  and  a  hexose  (galactose?);  phrenin^  perhaps  identical 
with  Thuukhum's  krinosin;  cerebri Tnc-phosphoric  acid,  and  a  stt-aric  acid  differing 
somewhat  from  the  ordinary  one. 

U  uriiin;,  CsH^^X^^  is  a  non-poisonous  diamine  discovered  by  Briegeb^  and 
which  was  ol>tiiiaed  uy  him  in  the  putrefactiou  of  meat  and  gelatine,  and  from 
cultures  of  the  typhoid  bacillus.  It  also  occurs  under  physiological  conditions 
in  the  brain,  and  a*?  traces  in  the  yolk  of  the  egg. 

Ne undine  dii^jlves  in  water  and  yeilds  on  boiUng  with  alkalies  a  mixture  of 
diraethylamiae  and  trimethylamine.  It  dissolves  wth  difficulty  in  amyl  alcohol. 
It  is  insoluble  in  ether  or  absolute  aleohoL  In  the  free  state  ncuridine  has  a  pecuhar 
odor,  suggesting  semen.  With  hydrochloric  acid  it  gives  a  combination  er^-gtalhi- 
ing  in  long  needles.  With  platinic  chloride  or  gold  chloride  it  gives  crv-gtalllzable 
double  combinations  whirh  are  valuable  in  its  preparation  and  detertion. 

The  so-called  corpuscula  amylacea,  which  occur  on  the  upper  Furface  of  the 
brain  antl  in  the  pituitary  gland,  are  colored  more  or  less  pure  violet  by  iodine 
and  more  blue  by  sulphuric  aeid  and  iodine.  They  consist,  perhap,  of  the  same 
substance  as  certain  prostatic  calculi,  but  they  have  not  been  closely  investigated. 

Quanlilative  Composition  of  the  Brain,  The  quantity  of  water  is  greater 
in  the  gray  than  in  the  white  substance,  and  greater  in  new'-bom  or  yoting 
individuals  than  in  adtilts.  The  brain  of  the  fietus  contains  879-926  p.  m. 
water.  According  to  the  observations  of  Weisbach  *  the  quantity  of 
water  in  the  several  parts  of  the  brain  (and  in  the  medulla)  varies  at  differ- 
ent a^es.  The  following  figures  are  in  1000  parts^-rl  for  men  and  B  for 
wromen: 

20-30  Years.  30^50  Veara.  fiOin  Ve&n.  70-94  Ve*rtv 

A.              B.              A.             B.             A,            B.             A,  B. 

White  substance  of  the 

brain ,.,695.6  682,9  683.1  703,1  701,9  689.6  726.1  722.0 

Grav.  ditto 833.6  826  2  836.1  830.6  838.0  838.4  847.8  839  5 

Gvn 784,7  792,0  T95-9  772.9  796.1  796.9  802.3  801.7 

Cerehellum 7SS.3  794.9  77S.7  789.0  787-9  784.5  803.4  797.9 

Pons  Varolii 734.6  740.3  725.5  722.0  720.1  714  0  727,4  724,4 

Medulla  oblongata.....   744.3  740.7  732.5  729.8  722,4  730.6  736.2  733.7 

Quantitative  analyses  of  the  brain  have  also  been  made  by  Petro^'sky  * 
■of  ox-brain,  and  by  Baixmstabk  of  the  brain  of  a  horse.  In  the  analysis 
of  iniTROwsKY  the  prota^on  has  not  been  considereil.  and  all  organic,  pho^ 
phorized  substances  were  ealculatcKl  as  lecithin.  On  these  grounds  these 
analyse®  are  not  of  much  value  from  a  certain  standpoint.  In  Baumstark  's 
anal>*ses  the  gray  and  the  wliite  substance  coukl  not  be  sufficiently  sepa* 
rated,  and  these  analyses,  on  this  account,  show  jiartJy  an  e.\cess  of  white 
and  partly  an  excess  of  gray  substance;  nearly  one-half  of  the  orgamc 
bodies,  chiefly  consistin^r  of  Imdies  soluble  ui  ether^  could  not  be  exactlv 
anah*2e<_l.  Neither  of  these  analyses  gives  sufficient  exjilanation  of  the 
quantitative  composition  of  the  brain. 

The  analyses  made  up  to  the  present  time  give,  as  above  stated,  an 


'  Cited  from  K.  B.  IIofmanD*s  Lehrb.  d,  Zoochemie  (VVien,  1876) »  121, 
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unequal  division  of  the  organic  constituents  in  the  gray  and  white  sub* 
iUnoe.    In  the  analjrses  of  Petrowsky  the  quantity  of  proteids  and  gela- 
tine-forming substances  in  the  gray  matter  was  somewhat  more  than  one 
liilf,  and  in  the  white  about  one  quarter  of  the  solid  organic  substances. 
TOtt  quantity  of  cholesterin  in  the  white  was  about  one  half,  and  in  the 
^y  substance  about  one  fifth  of  the  solid  bodies.    A  greater  cjuantity  of 
soluble  salts  and  extractive  bodies  was  found  in  the  gray  substance  than 
in  the  white  (Baumstark).    The  following  analyses  of  Baumstark  give 
tbe  most  important  known  constituents  of  the  brain  calculated  in  1000 
parts  of  the  fresh,  moist  substanoe.    A  represents  chiefly  the  white,  and  B 
chiefly  the  gray  substance. 

A.  B. 

Water. 695.35  769.97 

Solida 304.65  230.03 

Protagon 25.11  10.80 

Inaoluble  proteid  and  connective  tiBSue 50.02  60. 79 

Cholesterin,  free 18.19  6.30 

combined. 26.96  17.51 

Nudein 2.94  1 .99 

Neurokeratin 18.93  10.43 

Mineral  bodies 5.23  5.62 

The  remainder  of  the  solids  probably  consists  chiefly  of  lecithin  and 
other  phosphorized  bodies.  Of  the  total  amount  of  phosphorus  15-20 
l>.m.  belongs  to  the  nuclein,  50-60  p.  m.  to  the  protagon,  150-160  p.  m. 
to  the  ash,  and  770  p.  m.  to  the  lecithin  and  the  other  phosphorized  organic 
substances. 

According  to  Noll  the  white  substance  of  the  spinal  marrow  is  some- 

^at  richer  in  protagon  than  the  brain,  and  in  nerve  degeneration  the 

<iuantity  of  protagon  diminishes.    The  method  used  by  him  would  not 

^ow  of  an  exact  determination  of  the  protagon.    Mott  and  Halliburton  * 

fcave  also  shown  that  in  degenerative  diseases  of  the  nervous  system  the 

Quantity  of  substances  containing  phosphorus  dimini  hes  and  that  in  these 

^^ses,  especiaUy  in  general  paralysis,  choline  passes  into  the  cerebrospinal 

fluid  and  the  blood.     Donath  '  has  been  able  to  prove  the  occurrence  of 

choline  in  the  cerebrospinal  fluid  in  ep  leptics  and  in  several  different  organic 

diseases  of  the  nervous  system     He  considers  the  choline  as  the  substance 

instrumental  in  causing  the  seizures.     In  degenerated  nerves  the  quantity 

of  water  increases  and    he  phosphorus  decreases. 

The  quantity  of  neurokeratin  in  the  nerves  and  in  the  different  ]mrts  of 
the  b  ain  has  been  carefully  determined  by  KtJHNE  and  Chittendp:\.^ 
They  found  3.16  p.  m.  in  the  plexus  brachialis,  3.12  p.  m.  in  the  cortex  of 


*  Noll,  Zeitschr.  f.  phvsiol.  Chem.,  27;  Mott  and  Halliburton,  Philos.  Transact., 
8er.  B.  191  (1899)  and  194  (1901). 

*  Zeitschr.  f    phvsiol.  Chem.,  39. 
•Zeitschr.  f.  Biologic,  26. 
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the  cerebellum,  22.434  p.  m.  in  the  whit«  substance  of  the  cerebrum,  25  J2- 
20.02  p.  m,  in  the  white  substance  of  the  corpus  callosum^  and  3.27  p.  m* 
in  the  gray  substance  of  the  cortex  of  the  cerebrum  (when  free  as  possible 
from  white  substance).  The  white  is  decidedly  richer  in  neurokeratin  than 
the  peripheral  ner%'es  or  the  gray  substance.  According  to  Griffiths  ' 
neurochitin  replaces  neurokeratin  in  insects  and  Crustacea,  the  quantity  of 
the  first  being  10.6-12  p.  m. 

The  quantity  of  mineral  constituents  in  the  brain  amounts  to  2.95-7,03 
p,  ra.  according  to  Geoghegan.  He  found  in  1000  parts  of  the  fresh, 
moist  brain  0.43-1.32,  CI;  0.956-2.O16,  PO,;]  0.244-0.796,  CO,;  0.102- 
0.220.  SO^;  a01"0.098,  Fe/POJj;  0.005-0.022,  Ca;  0.016-0.072,  Mg;  0.58^ 
1.778,  K;  0.450-1.114,  Na.  The  gray  substance  yields  an  alkaline  ash,  the 
white  an  acid  ash. 

Appendix. 

The  Tissues  aad  Fluids  of  the  Eye. 

The  retina  contains  in  all  86.5-899.9  p.  m.  water,  57.1-84.5  p.  m. 
proteid  bodies— myosin,  albumin,  and  mucin  (?),  9.5^-28.9  p.  m.  lecithin, 
and  8.2-11.2  p.  m.  salts  (IIoppe-Seyler  and  C.uin  '),  The  mineral  binljes 
consist  of  422  p.  m.  Na^HPO^  and  352  p.  ra.  NaCl. 

Those  bodies  whieh  form  the  diiferent  segments  of  the  rods  and  cones 
have  not  been  closely  studied,  aotl  the  greatest  interest  is  therefore  con- 
nected with  the  coloring-matters  of  the  retina. 

Visual  purple,  ab^o  called  rliodopsinf  erythropsin^  or  ^asuAL  red,  is  the 
pigment  of  the  rods.  Boll  *  obser\"ecl  in  1876  that  the  layer  of  rods  in  the 
retina  during  life  had  a  ptirplish-refi  color  which  was  bleached  by  the  action 
of  hght.  KtiHXE  *  showed  later  that  this  red  color  might  remain  for  a  long 
time  after  the  death  of  the  animal  if  the  eye  was  protectee!  from  daylight 
or  investigateij  by  a  sodium  light.  Under  these  conditions  it  was  also 
possible  to  isolate  and  closely  study  this  substance. 

Visual  red  (Boll)  or  visual  purj^le  (Kuhxe)  has  become  known  mainly 
by  the  investigations  of  Kuhxe.  The  pigment  occurs  chiefly  in  the  rods 
and  only  in  their  outer  parts.  In  animals  whose  retina  has  no  rods  the 
visual  purple  is  absent,  and  b  also  necessarily  absent  in  the  macula  lutea. 
In  a  variety  of  bat  {rhinolophus  hipposideros)  ^  in  hens,  pigeons,  and  new- 
torn  rabbits,  no  visual  purple  has  been  found  in  the  rods. 


*  Compt.  rend,,  115, 

*  Zeitachr.  f.  physioL  Chem.,  o. 
•Monatsachr.  d.  lierl  .\kad.,  12.  Nov.,  1876. 

*  The  investigationa  of  Kuhne  and  his  pupils,  Ewald  and  Ay  res,  on  the  visual  purpkr 
will  be  found  in  '*  Untersuchiingen  ous  dem  physiol.  Inatitut  der  UnivereitAt  lleidtii- 
berg,"  I  and  2,  and  in  Zeitschr  f.  Biologie,  3!2. 
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A  solution  of  visual  purple  in  water  which  contains  2-5  per  cent  crys- 
tallized bile,  which  is  the  best  solvent  for  it,  is  purple-red  in  color,  quite 
dear,  and  not  fluorescent.  On  evaporat'ng  this  solution  in  vacuo  we 
obtain  a  residue  similar  to  ammonium  carminate  which  contains  violet  or 
black  grains.  If  the  above  solution  is  dialyzed  with  water,  the  bile  diffuses 
and  the  visual  purple  separates  as  a  violet  mass.  Under  all  circumstances, 
even  when  still  in  the  retina,  the  visual  purple  is  quickly  bleached  by  direct 
sunlight,  and  with  diffused  light  with  a  rapidity  corresponding  to  the  in- 
tensity of  the  light.  It  passes  from  red  and  orange  to  yellow.  Red  light 
bleaches  the  visual  purple  slowly;  the  ultra-red  light  does  not  bleach  it  at 
all.  A  solution  of  visual  purple  hows  no  special  absorption-bands,  but 
only  a  general  absorption  which  extends  from  the  red  side,  beginning  at 
A  and  extending  to  the  G  line.      The  strongest  absorption  is  found  at  E. 

KoETTGEN  and  Abelsdorf  ^  have  shown  that  there  are,  in  ac  ordance  with 
^I^hne's  views,  two  varieties  of  visual  purple,  the  one  occurring  in  mammals, 
^ird3,  and  amphibians,  and  the  other,  which  is  more  violet-red,  in  fishes.  The 
^rst  has  its  maximum  absorption  in  the  green  and  the  other  in  the  yellowish 
«feen. 

Visual  purple  when  heated  to  52-53®  C.  is  destroyed  after  several  hours, 
^Hd  almost  instantly  when  heated  to  76®  C.  It  is  also  destroyed  by 
alkalies,  acids,  alcohol,  ether,  and  chloroform.  On  the  contrary,  it  resists 
the  action  of  ammonia  or  alum  solution. 

As  the  visual  purple  is  easily  destroyed  by  light,  it  must  therefore  also 
be  regenerated  during  life.  Kijhne  has  also  found  that  the  retina  of  the 
eye  of  the  frog  becomes  bleached  when  exposed  for  a  long  time  to  strong 
sunlight,  and  that  its  color  gradually  returns  when  the  animal  is  placed  in 
the  dark.  This  regeneration  of  the  visual  purple  is  a  function  of  the  living 
cells  in  the  layer  of  the  pigment-epithelium  of  the  retina.  This  may  be 
inferred  from  the  fact  that  a  detached  piece  of  the  retina  which  has  been 
bleached  by  light  may  have  its  visual  purple  restored  if  it  is  carefully  laid 
on  the  choroid  having  layers  of  the  pigment-epithelium  attached.  The 
regeneration  has,  it  seems,  nothing  to  do  with  the  dark  pigment,  the 
melanin  or  fuscin,  in  the  epithelium-cells.  A  partial  regeneration  seems, 
according  to  Kuhne,  to  be  possible  in  the  retina  which  has  been  completely 
remov.  d.  On  account  of  this  property  of  the  visual  purple  of  being  bleached 
by  light  during  life  we  may,  as  Kuhne  has  sho\\Ti,  under  special  conditions 
and  by  observing  special  precautions,  obtain  after  death,  by  the  action  of 
intense  light  or  more  continuous  light,  the  picture  of  bright  objects,  such 
as  windows  and  the  like — so-called  optograms. 

The  physiological  importance  of  visual  purple  is  unknown.  It  fellows 
that  the  visual  purple  is  not  essential  to  sight,  since  it  is  absent  in  certain 
animals  and  also  in  the  cones. 

»  Centralbl.  f   Physiol,  9;   also  Maly's  Jahresber.,  25,  351. 
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Visual  purple  must  always  be  prepared  exclusively  in  a  sodium  light. 

It  is  oxtrat*U^d  from  the  net  meiabrane  by  means  of  a  water>'  solution  of 
erj^stallized  bile*  The  filtered  solution  is  evaporated  in  vacuo  or  dialyzed 
until  tlie  visual  ]>ui'ple  u  sHparatel.  Tu  prepare  a  visual-purple  solution 
perfectly  free  froiu  h!i*UHi;i;lt4iin  the  solution  of  vi.sual  purple  in  eholates  is 
preci|>itated  by  saturating  with  magnesium  sulphate,  %va.shintr  the  precipi- 
tate witli  a  saturate<i  solution  of  nia^nesiuiu  sulphate,  and  then  dissolving 
in  water  by  the  aid  of  the  cholates  simultaneously  precipitated.* 

The  Pigments  of  the  Cones.  In  the  inner  segments  of  the  cones  of  birds,  rep- 
tiles, and  fishes  a  small  fat-globule  of  varying:  color  Is  found  KI'hne^  has 
isolated  from  this  fat  a  green,  a  yellow,  and  a  red  pigment  called  respectively 
chhropfiafi,  xaHthopharij  anrl  rho^ifyphan. 

The  dark  pigment  of  the  eptthehum-eells  of  the  net  membrane,  which  wm 
formerly  called  melanin,  but  ha>*  sinee  been  named  fuacin  by  Kuhne  and  Mat,* 
contains  iron,  dissolves  in  concentrated  caustic  alkalies  or  concentrated  sulphuric 
acid  on  warming,  but,  like  the  nielanins  in  general  (see  Oiaiiter  XVI),  has  been 
little  studied.  The  pigment  occurring  in  the  pigment-cells  of  the  choroid  aeemd 
to  be  identical  with  the  fuscin  of  the  retina. 

The  vitreous  humor  is  often  considered  as  a  variety  of  gelatinous  tissue* 
The  membrane  con^^ists,  according  to  C.  Morner,  of  a  gelatine-fomung 
substance.  The  fluid  contains  a  little  proteid  and  a  mueoid,  hyalomucoid^ 
which  was  first  shown  by  Morner,  and  which  is  precipitated  by  acetic  acid. 
This  contains  12.27  per  cent  N  and  1.19  per  cent  S.  Among  the  extractives 
we  find  a  little  urea — according  to  Picard  5  p.  m,,  according  to  Rahlal4NN 
0.64  p.  m.  Pautz  *  found  besides  some  urea  paralaciic  acid,  and,  in  con- 
firmation of  the  statements  of  Chabhas,  Jesxer,  and  Kuhn,  also  glticme 
in  the  vitreous  humor  of  oxen.  The  reaction  of  the  vitreous  humor  is  alka- 
line, and  the  fpiantity  of  solids  amounts  to  about  9-11  p.  m.  The  quantity 
of  mineral  bodies  is  about  6-9  p.  m.  and  the  proteids  OJ  p*  m.  In  regard 
to  the  at[neous  humor  see  page  224. 

The  Crystalline  Lens,  That  substance  which  forms  the  capsule  of  the 
lens  h:is  bt^u  investigated  by  C,  Morxkr,  It  belongs,  according  to  him, 
t*-!  a  special  group  of  proteins,  called  niernhranins.  The  tnembraniii  bodies 
are  insoluble  at  the  ordinary*  temperature  in  water*  salt  solutions,  dilute 
acids,  anti  alkalies,  and,  like  the  mucins,  yield  a  reducing  substance  on 
Ijoiliug  with  dilute  mineral  acids.  They  contain  lead-blackening  sulphur. 
The  membranins  arc  colored  a  very  beautiful  red  by  Millon  's  reagent,  but 
give  no  characteristic  reaction  with  concentrated  hydrochloric  acid  or  Adam- 


^  Kuhne,  Zeitschr.  f.  Biolog:ie,  32. 

'  Kuhnc.  Die  tiichtb^standigen  Farben  der  Netzhaut.  Unterauch.  bus  dem  physioL 
Institut  Hoidell>erg,  1,  341. 

'  Kuhne.  ibid.,  2.  324. 

<M<imer,  Zeitschn  f.  physioL  Chem.,  IS;  Picard,  cited  from  Gamgee,  Physiol 
Chem,,  1,  454;  Riihlmanu,  Maly 's  Jahrcsbpr.,  f?;  Pautz,  Zeitschr  f.  Biol  ogle,  31.  A 
cotDplete  review  of  the  literature  will  also  be  found  here. 
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KEWicz's  reagent.  They  are  dissolved  with  great  difficulty  by  pepsin- 
lydrochloric  acid  or  trypsin  solution,  but  are  soluble  in  dilute  acids  and 
alkalies  in  the  warmth.  •  Membranin  of  the  capsule  of  the  lens  contains 
14.10  per  cent  N  and  0.83  per  cent  S,  and  is  a  little  less  soluble  than  that 
from  Descemet's  membrane. 

The  chief  mass  of  the  solids  of  the  crystalline  lens  consists  of  proteids, 
whose  nature  has  been  investigated  by  C.  Morner.*  Some  of  these  pro- 
teids  dissolve  in  dilute  salt  solution  while  others  remain  insoluble  in  the 
reagent. 

The  InsoltMe  Proteid.    The  lens-fibres  consist  of  a  proteid  substance 
^hich  is  insoluble  m  water  and  in  salt  solution  and  to  which  Morner  has  given 
the  name  albumotd.     It  dissolves  readily  in  very  dilute  acids  or  alkalies. 
Jts  solution  in  caustic  potash  of  0.1  per  cent  is  very  similar  to  an  alkali- 
'^buminate  solution,  but  coagulates  at  about  50®  C.  on  nearly  complete  neu- 
tralization and  the  addition  of  8  per  cent  NaCl.    Albumoid  has  the  following 
<^tiiposition:  C  53.12,  H  6.8,  N  16.62,  and  S  0.79  per  cent    The  lens-fibres 
themselves  contain  16.61  per  cent  N  and  0.77  per  cent  S.    The  inner  parts 
^f  the  lens  are  considerably  richer  in  albumoid  than  the  outer.    The  quan- 
"^ity  of  albumoid  in  the  entire  lens  amounts  on  an  average  to  about  48  per 
^^nt  of  the  total  weight  of  the  proteids  of  the  lens. 

The  Soluble  Proteid  consists,  exclusive  of  a  very  small  quantity  of 
^^Unanin,    of    two   globulins,    a-   and   P-<rystdllin.    These  two  globulins 
differ  from  each  other  in  this  manner:  a-crystallin  contains  16.68  per  cent 
^  and  0.56  per  cent  S;  /S-crystallin,  on  the  contrary,  17.04  per  cent  N  and 
1..27  per  cent  S.    The  first  coagulates  at  about  72°  C.  and  the  other  at  63® 
CJ.     Besides  this,  /?-crystallin  is  precipitated  from  a  salt-free  solution  with 
^eater  difficulty  and  less  completely  by  acetic  acid  or  carbon  dioxide. 
These  globuhns  are  not  precipitated  by  an  excess  of  NaCl  at  either  the  ordi- 
nary temperature  or  30®  C.    Magnesium  or  sodium  sulphate  in  substance 
precipitates  both  globulins,  on  the  contrary,  at  30®  C.     These  two  globulins 
are  not  equally  divided  in  the  mass  of  the  lens.    The  quantity  of  a-crystallin 
diminishes  in  the  lens  from  without  inwards;  ^-crystallin,  on  the  contrary, 
from  within  outwards. 

A.  Bechamp  distinguishes  the  two  following  proteid  bodies  in  the  watery 
extract  of  the  crystalline  lens:  phacozymase,  which  coagulates  at  55°  C.  and 
contains  a  diastatic  enzyme,  and  has  a  specific  rotatory  power  of  (a)]''"  —41°, 
and  the  crystcdbumin,  with  a  specific  rotatory  power  of  (a)/-— 80°.3.  From 
the  residue  of  the  lens,  which  was  insoluble  in  water,  Bechamp  extracted,  by 
means  of  hydrochloric  acid,  a  proteid  body  having  a  specific  rotatory  power  of 
(a) J-  —  80°.2,  which  he  called  crystalfibrin. 

The  lens  does  not  seem  to  contain  any  proteid  bodies  which  coagulate 
spontaneously  like  fibrinogen.    That  cloudiness  which  appears  after  death 

*  Zeitschr.  f.  physiol.  Chem.,  IS.     This  contains  also  the  pertinent  literature. 
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depends,  according  to  Kuhxe,  upon  the  unequal  changing  of  the  concen-^^ 
tration  of  the  contents  of  the  lens-tubes.  This  change  is  produced  by  th^3^ 
altered  ratio  of  diffusion.  A  cloudiness  of  the  lens  may  also  be  produce*i  iirf^ 
life  by  a  rapid  removal  of  water,  as^  for  example,  when  a  frog  is  plunged  i- 
]nt<:i  a  salt  or  sugar  solution.  Tlie  appearance  of  cloudiness  in  diabetes  has 
been  attributed  by  some  t^o  the  removal  of  water  The  views  on  this  sub-  ^ 
ject  are,  however,  contradictory. 

Tlae  average  results  of  four  analyses  made  by  Lapt^chiksky  *  of  the 
lens  of  oxen  are  here  given,  calculated  in  parts  per  lOtKJ: 

Protfiida. 349.3 

Lecithin. . . 2.3 

Chotesterin 2.2 

Fat 2,9 

Soluble  salts 5.3 

Insoluble  aalts *....*...  2.3 

In  cataract  the  amount  of  proteids  is  diminished  and  the  amount  of 
cholesterin  increased. 

The  quantity  of  the  different  proteids  in  the  fresh  moist  lens  of  oxen  is 
as  follows,  according  to  Morner  ^; 


AlbumoUl  (lena-fibree) * 170  p.  m. 

/^-C^rj'stairm  .  .  _  . ...*... 110    ** 

a-Crvstallin 68    ** 

Albumin 2   " 


i 


The  corneal  tissue  has  been  previously  considered  (page  364).  The 
sclerotic  has  not  been  closely  investigated,  and  the  choroid  coat  is  chiefly 
of  interast  because  of  the  coloring-matter  (melanin)  it  contains  (see  Chapter 
X\l). 

Tears  consist  of  a  water-clear,  alkaline  fluid  of  a  saltish  taste.  Accord* 
ing  to  the  analyses  of  Lerch  ^  they  contain  982  p.  m.  water,  IS  p.  m,  solids, 
with  5  p.  m.  albumin,  and  13  p-  m.  NaCl. 


The  Fluids  of  the  Inner  Ear. 
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The  perilymph  and  endolymph  are  alkaline  fluids  which,  besides  salts, 
contain — in  the  same  amounts  as  in  transudates — traces  of  proieid,  and  in 
certain  animals  (codfish)  also  mucin.  The  quantity  of  mucin  is  greater  in 
the  perilymph  than  in  the  endolymph. 

Otoliths  contain  745-795  p.  m.  inoi^anic  substance,  wdiich  consists 
chiefly  of  cr>'stalli2ed  calcium  carbonate.  The  organic  substance  is  very 
similar  to  mucin. 

1  Pfluger '8  Arck,  13. 

*L.  c. 

•  Cited  from  v.  Gorup-Besanes^  Lehrbuch  d.  physioL  Qiem.»  4.  Aufl.,  401, 


CHAPTER  Xni. 
ORGANS  OF  GENERATION. 

(a)  Male  Generative  Secretions. 

The  testes  have  been  little  investigated  chemically.    We  find  in  the 

^tes  of  animals  proteid  bodies  of  different  kinds — seralbuinin,  alkali  albu- 

^iTUiie  (?),  and  an  albuminous  body  related  to  Rovidas'  hyaline  substance; 

^^  leucin,  U/rosin,  creatine,  xanthine  bodies,  cholesierin,  lecithin,  inosite,  and 

'^-    In  regard  to  the  occurrence  of  glycogen  the  statements  are  somewhat 

^^^tradictory.     Dareste  *  found  in  the  testes  of  birds  starch-like  granules, 

^Hich  were  colored  blue  with  difficulty  by  iodine. 

The  semen  as  ejected  is  a  white  or  whitish-yellow,  viscous,  sticky  fluid 
^   a  milky  appearance,  with  whitish,  non-transparent  lumps.    The  milky 
^pearance  is  due  to  spermatozoa.    Semen  is  heavier  than  water,  contains 
^^>roteids,  has  a  neutral  or  faintly  alkaline  reaction  and  a  pecuUar  specific 
Y^tdor.    Soon  after  ejection  semen  becomes  gelatinous,  as  if  it  were  coagu- 
^^ted,  but  afterwards  becomes  more  fluid.     When  diluted  with  water  white 
^\akes  or  shreds  separate  (Henle's  fibrin).    According  to  the  analyses  of 
^LOWTZOFF,'  human  semen  contains  on  an  average  96.8  p.  m.  solids  with 
^  p.  m.  inorganic  and  87.8  p.  m.  organic  substance.      The  amount  of  pro- 
lein  substances  was  on  an  average,  22.6  p.  m.  and  1.69  p.  m.  bodies  soluble 
m  ether.     The  protein  substances  consist  of  nucleoproteids,  traces  of  mucin, 
albumin,  and  a  substance  similar  to  proteose  (found  earlier  by  Posner). 
According  to  Cavazzani  '  semen  contains  relatively  considerable  nucleon. 
The  mineral  bodies  consist  chiefly  of  calcium  phosphate  and  rather  con- 
siderable NaCl.     Potassium  occurs  only  in  smaller  amounts. 

The  semen  in  the  vas  deferens  differs  chiefly  from  the  ejected  semen  in 
that  it  is  without  the  peculiar  odor.  This  last  depends  on  the  admixture 
with  the  secretion  of  the  prostate.  This  secretion,  according  to  Iversen, 
has  a  milky  appearance  and  ordinarily  an  alkaline  reaction,  very  rarely  a 
neutral  one,  and  contains    mall  amounts  of  proteids,  especially  nucleopro^ 

*  Compt.  rend.,  74. 
'2^it8chr.  f.  physiol.  Chem.,  35. 

•  Poener,  Berl.  klin.  Wochenschr.,  188»,  No.  21,  and  Centralbl.  f.  d  med.  Wissensch., 
1890;  Cavazzani,  Biochem  Centralbl ,  1,  502. 
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ieids,  besides  fibrinogen  and  a  substance  similar  to  mucin  (Stern  '),  and 
mineral  bodies,  esfiecially  NaCl.     Besides  thits  it  contains  an  enzyme  mm- 
idase  (see  below),  kdthinf  choline  (Stern),  and  a  cn'stalline  combination 
of  phosphoric  acid  with  a  base^  C^H^N,    This  corabinat'on  has  been  callecL 
BorrrnKR* ^  spermiJU'  cri/siaJs,  and  it  is  claimed  that  the  specific  odor  of  ih^ 
semen  is  due  to  a  partial  decomposition  of  these  cr3^stals. 

Tiie  crj'stal^  which  appear  on  slowly  evaporating  the  semen,  and  whicb:^ 
are  ab^o  observetl  in  anatomical  preparation-;  kept  in  alcohol,  are  not  iden — 1 
tical  w^ith  the  Cfluicot-Leydex's  crystals  found  in  the  blood  and  in  iheff^ 
lymphatic  glands  in  leuctcmia  (Th.  Cohn,  B.  Levy  ').  They  are,  according-^ 
to  Schreiner/  as  above  stated,  a  combination  of  phosphoric  acid  with  a  ^ 
base,  spermine^  CaHgN,  w^hich  he  discovered. 

Spermine.  The  views  in  repcard  to  the  nature  of  this  base  are  not  unanimous,  j 
According  to  the  investigations  of  Ladenbiikg  and  Abel,  it  is  not  improbable 
that  sy>crmiiie  is  identical  with  ethyleiiimine;  hut  this  id<?ntity  is  disputed  by 
Majert  and  A.  Sceimipt^  and  also  by  Poejil.  The  comt>ound  of  spermine  ^ith 
phosphorir  arid — Bottch Fin's  sjxTmine  (Tystat.>? — is  insoluble  in  alcohol,  ether, 
and  chlorofonn,  soluble  with  difficulty  in  cold  water,  but  more  readily  in  hot 
water,  and  easily  soluble  in  dilute  a  rids  or  alkalies,  also  alkali  carbonates  and 
ammonia.  The  ba.se  is  precipitated  by  taniiic  arid,  mert-uric  chloride,  gold  chlo- 
ride, platinic  chloride,  jxitassium-bismnth  iodide,  and  phosphotungstic  acid* 
SiHL'rmiuc  ImH  a  tonic  fiction,  and  according  to  Poehl  *  it  has  a  marked  action  on 
the  o\i<ljitiou  firocesses  of  the  tuiinud  body. 

On  the  addition  of  potfissinm  iodide  to  s|icrmatozoa  characteristic  dark-brown 
or  bluish-black  crystals  are  obtained— Florence 's  sixrrma  reaction— which  is 
considered  by  many  as  a  reaction  for  spermine.  According  to  BocAitivs,*  this 
reaction  is  due  to  choline. 

Camc's  and  tiLEV*  have  found  that  the  prostate  fluid  in  certain  rodents 
has  the  profierty  of  coagulating  the  contents  of  the  seminal  vesicles.  This  prop- 
erty is  due  to  a  special  ferment  substance  {vemcidaae)  of  the  prostate  fluid. 

The  spermatozoa  show  a  great  resistance  to  chemical  reagents  n  generaL 
They  do  not  dissolve  completely  in  concentrated  ulphuric  acid,  nitric  acid, 
acetic  acid,  nor  in  boibng-bot  soda  solutions.  They  are  soluble  in  a  boiling- 
hot  caustic-potash  solution.  They  resist  putrefaction,  and  after  drying  they 
may  be  obtaineii  again  in  their  original  form  by  moistening  them  with  a  1 
per  cent  common-salt  solution.     By  careful  heating  and  burning  to  an  ash 

'  [vcrsen,  Xord.  med.  Ark,,  6;  also  Maly*B  Jahresber,  4,  358;  Stern,  Biochem. 
Centralbl.,  1,  718. 

^Th-  Cohn.  Centralbl.  f.  allg.  Path.  u.  path.  Anat.,  10  (189^);  B.  Lex-y,  Centrnlbl. 
f.  d.  metl.  Wiascnsch,,  1899,  471). 

'  Annfth  d.  Chem.  u.  Pharm.»  IW. 

*  Ltadenburg  and  Abel  Ber.  d.  deut^ch.  chera.  Gestllsch,,  21;  Majert  and  A.  Schtiudt, 
ibid.,  24;  Poehl.  Corapt.  rend.,  U."i,  Berlin,  klin.  Wochcnschr.,  1891  and  1893,  Deutsch. 
med.  Wochcnschr,  1892  and  1S95,  ami  Zeitschr,  f,  kitn.  Med,    1S94. 

*  In  regard  to  Florence's  spemia  react icin,  see  Posner»  Berl.  klin.  W'ochenschr.* 
1897,  and  Richter,  Wien*  klin.  Wochenschr.,  1897;  BocariuiS,  Zeitschr.  f.  pbysioL 
Chem.,  34. 

'  Compt.  rend,  de  Soc.  biolog.,  4S,  IX 
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the  shape  of  the  spermatozoa  may  be  seen  in  the  ash*  The  quantity  of 
ash  13  about  50  p,  m.  and  consists  mainly  (3)  of  potassium  phosphate. 

The  ^pe^matozoa  show  well-known  movements,  but  the  cause  of  this  is 
not  known.  This  movement  may  continue  for  a  very  long  time,  as  under 
some  conditioas  it  may  be  obsen^ed  for  several  days  in  the  body  after  death, 
and  in  the  secretion  of  the  uterus  longex  than  a  week.  Acid  liquids  stop 
these  movements  imnw  liately;  they  are  also  destroyed  by  strong  alkalies, 
especially  ammoniacal  liquids,  also  by  distille^l  water,  alcoliol,  ether,  etc. 
The  movements  continue  for  a  longer  time  in  faintly  alkaline  liquids, 
especially  in  alkaline  animal  secretions,  and  also  in  properly  diluted  neu- 
tral salt  solutions. 

Spermatozoa  are  nucleus  formations  and  hence  are  rich  in  nucleic  acid, 
which  exists  in  the  heads.  The  tails  contain  proteid  and  are  besides  this 
rich  in  lecithin,  eholasterin,  and  fat,  which  bodies  only  occur  to  a  small 
extent  (if  at  all)  in  the  hea^ls.  The  tails  seem  by  their  composition  to  be 
closely  alhed  to  the  non-medullated  nerves  or  the  axis-cylinders.  In  the 
various  kinds  of  animals  investigated,  the  head  contains  nucleic  acid,  which 
in  fishes  is  partJ}^  combined  with  protamins  and  partly  with  histons.  In 
other  animals,  such  as  the  bull  and  boar,  proteid-like  substances  occur  with 
the  nucleic  acid,  but  no  protamin. 

Our  knowleilge  of  the  chemical  composition  of  spermatozoa  has  been 
greatly  enhanced  by  the  im|X)rtant  investigation ^  of  Miescher  *  on  salmon 
me.  The  intermediate  fluid  of  the  spermatozoa  of  Rhine  salmon  is  a  dilute 
salt  solution  containing  1.3-L9  p.  m.  organic,  and  6.5-7.5  p.  m.  inoiTganic 
bodies.  The  last  consist  chiefly  of  sodium  cliloride  and  carbonate,  besides 
some  potassium  chloride  and  sidphate.  The  fluid  only  contains  traces  of  pro- 
teid, but  no  peptone.  The  tails  consist  of  419  p.  m.  proteid,  318.3  p,  m,  leci- 
thin, and  252.7  p,  m.  cholesterin  and  fat.  The  heads  extracted  with  alcohol- 
ether  contain  on  an  average  960  p.  m,  protamin  nucleate,  which  neverthe- 
less k  not  luiiforra,  but  is  so  tlivided  that  the  outer  layers  consist  of  basic 
protamin  nucleate,  while  the  inner  laye's,  on  the  contrary,  consist  of  acid 
ppotamin  nucleate.  Besides  the  protamin  nucleate  there  is  present  in  the 
lieads,  although  to  a  ver>^  slight  extent,  unknowm  organic  substances.  The 
unripe  salmon  spermatozoa,  while  developing,  also  contain  nucleic  acid,  but 
JO  protamin,  with  a  proteid  substance,  **albumifws€,''  which  probably  i^  a 
te^p  in  the  formation  of  protamin.  According  to  Kossel  and  Mathews,' 
the  herring  as  in  the  salmon,  the  heads  of  the  spermatozoa  consist  of 
Jtamin  nucleate  but  no  free  proteid. 

Spennatin  is  a  name  \vhi(4i  has  been  given  to  a  constituent  similar  to  alkali 
fit:*^-"^»nate,  but  it  lia^  not  Lici'ii  elusely  studied. 

^^  Miescher,  ''F^ie  histochemiac'hen  und  phyaiologischen  Arbeiten  von  Fricdrich 
^^''^  gesarnm*?lt  ui\d  h«>rauagC)KQben  von  eeinen  Freunden, "     Leipzig,  1897. 
^«^itachr  f.  physioI.  Chem.,  23. 
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Prostatic  concrements  are  of  two  kinds  One  is  very  small,  generally  oval  m 
8lia|x*j  witli  conteiitric  layers.  In  young  but  not  in  older  persons  I  hey  are  colored 
blue  by  iodine  (Ivkksen  ').  The  other  kind  is  larger,  sometimes  the  slxe  of  the 
head  of  a  pin  and  t^onsisting  chiefly  of  cakium  phosphate  (about  700  p.  m.),  \*ith 
otily  a  very  small  amount  (about  100  p.  m.)  organic  Bubstaace* 

(b)  Female  Generative  Organs, 

The  stroma  of   the  ovaries  is  of   little  interest  from  a  physiolc^eo* 

chemical  standpoint,  and  the  most  important  constituents  of  the  ovaries,  the 
Graafian  foUidcs  viith  the  ovmn^  have  not  tlius  far  been  the  subject  of  a 
careful  chemical  investigation.  The  fluid  in  the  follicles  (of  the  cow)  does 
not  contain,  a.s  has  been  statefl,  the  peculiar  bodies,  paralbumin  or  metalbu- 
min,  which  are  found  in  certain  pathological  ovarial  fluids,  but  seems  to  be  a 
serous  liquid.  The  corpora  lutea  are  colored  yellow  by  an  amorphous  pig- 
ment caUe<l  lutein.  Besides  this  another  coloring-matter  sometimes  occurs 
which  is  not  s<^>luble  in  alkali;  it  is  cr^^stalline,  but  not  identical  with  bili- 
rubin or  hiematoidin ;  but  it  may  be  identifieil  as  a  lutein  by  its  spectro- 
scopic behavior  (Piccolo  and  Liebex,  Kuhxe  and  Ewald^). 

The  cyst^  often  occurring  in  the  ovaries  are  of  spet^ial  pathological 
interest,  and  these  may  have  essentially  different  contents,  depending  upoa 
their  variety  and  origin. 

The  serous  cysts  (Hydrops  folltculorum  Gr-\afii),  which  are  formed 
by  a  dilation  of  tiie  Graafian  follicles,  contain  a  serous  liquid  which  has  a 
specific  gra%ity  of  L(X>.>-L022,  A  specific  gravity  of  1.020  is  less  frequent. 
Generally  the  specific  gravity  is  lower,  L005-L014,  with  10-40  p.  m.  solids. 
As  far  as  is  known,  the  contents  of  these  cysts  do  not  essentially  differ  from 
other  serous  lit ju ids. 

The  proliferous  cysts  (MVXotD  cysts,  coLtxjtD  cysts),  wliieh  are  devel- 
opefl  from  Pfluc^hr's  epithelium- tubes,  amy  have  a  content  of  a  decidedly 
variable  composition. 

We  sometimes  find  in  small  cysts  a  semi-solid,  transparent,  or  somewhat 
cloudy  or  opalescent  mass  which  appears  like  solidified  glue  or  quivering 
jelly,  and  which  has  been  calle^l  colloid  because  of  its  physical  properties. 
In  other  cases  the  cysts  contain  a  thick,  tough  mass  which  can  be  drawn  out 
into  long  threads,  and  as  this  mass  in  the  different  cysts  is  more  or  less 
diluted  w^ith  sero\is  licpiids  their  contents  may  have  a  variable  consistency. 
In  still  other  cases  the  small  cysts  may  also  contain  a  thin,  watery^  fluid. 
The  color  of  the  contents  is  also  variable.  Sometimes  they  are  bluish- 
white,  opalescent,  and  again  they  are  yellow.  yellr»w4sh- brown,  or  yellowish 
with  a  shade  of  green.  They  are  often  colored  more  or  less  chocolate- 
brown  or  red-brown,  doe  to  the  decomposed  blood-coloring  matters.  The 
reaction  is  alkaline  or  nearly  neutrah    The  specific  gravity,  which  may  vary 


»  Nord.  med.  Ark.,  e.  »  See  Chapter  Yl,  page  18L 
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^  considerably,  is  generally  1.015-1.030,  but  may  occasionally  be  1.005-1.010 
^ «  1.050-1.055.    The  amount  of  solids  is  very  variable.     In  rare  cases 
il  amounts  to  only  10-20  p.  m.;  ordinarily  it  varies  between  50-70-100 
p.in.    In  a  few  instances  150-200  p.  m.  solids  have  been  found. 

As  form-elements  one  finds  red  and  white  blood-corpuscles ,  granular  cells, 
partly  fat-d^enerated  epithelium  and  partly  large  so-called  Gluge  's  cor- 
puscles, fine  granular  masses,  epit?ieliumrcells,  cholesterin  crystals,  and  colloid 
corjmsdes — ^large,  circular,  highly  refractive  formations. 

Though  the  contents  of  the  proliferous  cyst  may  have  a  variable  compo- 
sition, still  it  may  be  characterized  in  typical  cases  by  its  slimy  or  ropy 
consistency;    by  its  grayish-yellow,  chocolate-brown,  sometimes  whitbh. 
&ray  color;  and  by  its  relatively  high  specific  gravity,  1.015-1.025.    Such  a 
liquid  does  not  ordinarily  show  a  spontaneous  fibrin  coagulation. 

We  consider  colloid,  metalbumin,  and  paralbumin  as  characteristic  con- 
S'tituents  of  these  cysts. 

Colloid.    This  name  does  not  designate  any  particular  chemical  sub- 
stance, but  is  given  to  the  contents  of  tumors  with  certain  physical  proper- 
"ties  similar  to  gelatine  jelly.    Colloid  is  found  as  a  pathological  product 
i»  several  oi^ans. 

Colloid  is  a  gelatinous  mass,  insoluble  in  water  and  acetic  acid;   it  is 
^dissolved  by  alkalies  and  gives  a  liquid  which  is  not  precipitated  by  acetic 
-acid  or  by  acetic  acid  and  potassium  ferrocyanide.    According  to  Pfannex- 
«TiEL '  such  a  colloid  is  designated  /?-pseudomucin.    Sometimes  a  colloid  is 
found  which,  when  treated  with  a  very  dilute  alkali,  gives  a  solution  similar 
to  a  mucin  solution.    Colloid  is  very  closely  related  to  mucin  and  is  con- 
sidered by  certain  investigators  as  a  modified  mucin.     An  ovarial  colloid 
analyzed  by  Panzer  contained  931  p.  m.  water,  57  p.  m.  organic  substance 
and  12  p.  m.  ash.    The  elementary  composition  was  C  47.27,  H  5.86,  N  8.40, 
S  0.79,  P  0.54,  and -ash  6.43  per  cent.     A  colloid  found  by  Wurtz  ^  in  the 
Jungs  contained  C  48.09,  H  7.47,  N  7.00,  and  0(+S)  37.44  per  cent.     Col- 
loids of  different  origin  seem  to  be  of  varying  composition. 

Metalbumin,    This  name  Scherer  '  gave  to  a  protein  substance  found 
"y  him  in  an  ovarial  fluid.    The  metalbumin  was  considered  by  Schkrer 
^^  be  an  albuminous  body,  but  it  belongs  to  the  mucin  group,  and  it  is  for 
*^'s  reason  called  pseudomucin  by  Hammarsten.* 

Pseudomucin.    This  body,  which,  like  the  mucins,  gives  a  reducing  sub- 
^^^nce  when  boiled  with  acids,  is  a  mucoid  of  the  following  composition: 


*  Arch.  f.  Gynak.,  38. 

'Panzer,  Zcitschr.  f.  physiol.  Chem.,  28;  Wurtz,  see  Lebcrt,  Bcitr.  zur  Kcnntniss 
^^  Gallertkrebses,  Virchow's  Arch.,  4. 

•Verh.  d.  physik.-med.  GeselLsch.  in  Wurzburg,  2,  and  Sitzungsher.  der  physik.- 
^ed.  Gesellsch.  in  Wi'irzburg  fiir  1804-1805;  Wiirzburg  med.  Zcitschr.,  7. 

*  Zcitschr.  f.  physiol.  Chem.,  6. 
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C  49.75,  H  6.98,  N  10.28,  S  1.25,  0  31.74  per  cent  (H.^mahsten).  With 
water  pseudomucm  gives  a  slimy,  ropy  solution,  and  it  is  this  substance 
which  gives  the  fluid  contents  of  the  ovarial  cysts  their  typical  ropy  prop- 
erty. Its  solutions  do  not  coagulate  on  boiling,  but  only  became  milky 
or  opalescent.  Unlike  mucin,  pseiidomucin  solutions  are  not  precipitated 
by  acetic  acid.  With  alcohol  they  give  a  coarse  flocculent  or  thready 
precipitate  wliich  Is  soluble  even  after  having  been  kept  under  water  or 
alcohol  for  a  long  time. 

Paralbumin  is  another  substance  discovered  by  Scherer,  and  which 
occurs  in  ovarial  li<iuids  and  also  in  ascitic  fluids  with  the  simultanerjus 
presence  of  ovarial  cysts  and  rupture  of  the  same.  It  is  therefore  only  & 
mixture  of  pseudomucin  with  variable  amounts  of  proteid,  and  the  reacUona 
of  paralbumin  are  correspondingly  variable. 

MiTJUKOFF  *  has  isolated  and  investigated  a  colloid  from  an  ovarial  c\^t.  It 
had  the  following  comijosition:  C  51.76,  H  7.76,  N  10.7,  S  1.01),  and  O  2.S.69  per 
t^ril,  and  differed  from  mucin  and  peeudomucin  by  reducing  Feh ling's  solution 
before  boding  with  acid.  It  must  be  remarked  that  pseudomucin,  on  boiling 
sufficiently  long  with  alkali,  or  hj'  the  use  of  a  concentrated  solution  of  caustic 
alkali,  also  splits  and  eaiijrics  a  reduction.  This  reduction  is  nevertheless  weak 
as  rompared  with  that  produced  aft«r  boiling  with  an  acid.  The  body  isolated 
by  MiTJUKOFF  is  called  paramucin. 

The  pseudomucin  as  well  as  colloid  are  mucoid  substances  and  the 
carb(*hydrate  obtained  from  them  is  glucosamine  (chitosamine),  as  espe- 
cially sh*nvn  by  Fn,  ^Ii  ller,  Neuueho  and  Hea^ianx.^  From  pseudo- 
mucin Zangerle  *  obtained  30  per  cent  glucosamine  and  Neuberg  and 
Heymann  have  shown  that  the  glucosamine  is  the  only  carbohydrate 
regularly  taking  part  in  the  structure  of  these  substances.  Still  there  are 
also  statements  as  to  the  occurrence  of  chondroitinHSulphuric  acid  (or  an 
allied  acid)  in  pseudomucin  or  colloid  (Panzer),  but  this  is  not  constant 
according  to  the  experience  of  Hammarsten. 

The  detet^tion  of  metalbumin  and  paralbumin  is  naturally  connected 
with  the  detection  of  pseuds  »mucin.  A  tyt>ical  ovarial  fluid  containing 
pseudomucin  is,  as  a  rule,  sufficiently  charactorizeti  by  its  physical  proper* 
ties,  aiid  a  special  chemical  investigatinn  is  only  necessary  in  cases  where  a 
serous  fluid  contains  ven^  small  amounts  of  pseudomucin.  The  pmcetlure 
is  as  follows:  The  pmteid  is  removed  by  heating  to  l>oihng  with  the 
addition  of  acetic  acid;  tlje  filtrate  is  strongly  concentrated  and  precipitated 
bv  alcohol.  Tlie  ivrecipitate,  a  transformation  pntrhict  of  pseudomurjii, 
is  carefully  washed  with  alcohol  and  then  dissolveri  in  water.  A  part  of 
thi)^  solution  is  digested  with  saliva  at  the  temperature  of  the  bocly  and  then 


'  K-  MitjukofT,  Arch,  f,  Gyu^ikol  ,  40. 

'  Miiller,  Verh.  d  Xaturf.  Gesellsch.  in  Baa«h  12,  part  2;  Neuberg  and  Heymann, 
HofTneiBtcr's  Boitriice,  2.     Soc  also  Leiitheg.  Arch.  f.  exp.  Path.  u.  Phann.,  4$. 

'Munch,  med,  Wochcnschr.,  1900. 
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tested  for  glucose  (derived  from  glycogen  or  dextrin).  If  glycogen  is  pres- 
ent, it  will  be  converted  into  glucose  by  the  saliva;  precipitate  again  with 
ilcohol  and  then  proceed  as  in  the  absence  of  glycogen.  In  this  last-men- 
tioned case,  first  add  acetic  acid  to  the  solution  of  the  alcohol  precipitate 
in  water  so  as  to  precipitate  any  existing  mucin.  The  precipitate  produced 
is  filtered  off,  the  filtrate  treated  with  2  per  cent  HCl  and  warmed  on  the 
TOter-bath  until  the  liquid  is  deep  brown  in  color.  In  the  presence  of 
pseudomucin  this  solution  gives  Trommer's  test. 

The  other  protein  bodies  which  have  been  found  in  cystic  fluids  are 

mglobrdin  and  seralbumin,  peptone  (?),  mucin,  mucirirpeptone  (?).    Fibrin 

occurs  only  in  exceptional  cases.    The  quantity  of  mineral  bodies  on  an 

average  amounts  to  about  10  p.  m.    The  amount  of  extractive  bodies 

{Me^erin  and  urea)  and  fat  is  ordinarily  2-4  p.  m.    The  remaining  solids, 

which  constitute  the  chief  mass,  are  albuminous  bodies  and  pseudomucin. 

The  intraligamentary,  papillary  cysts  contain  a  yellow,  yellowish-green, 

or  brownish-green  liquid  which  contains  either  no  pseudomucin  or  very 

little.    The  specific  gravity  is  generally  rather  high,  1.032-1.036,  with 

90-100  p.  m.  soUds.    The  principal  constituents  are  the  simple  proteids  of 

Wood-serum. 

The  rare  tubo-ovarial  cysts  contain  as  a  rule  a  watery,  serous  fluid  con- 
taining no  pseudomucin. 

The  paravarial  cysts  or  the  cysts  of  the  ligamenta  lata  may  attain  a 
^Considerable  size.  In  general,  and  when  quite  typical,  the  contents  are 
^^ater}",  mostly  very  pale  yellow-colored,  water-clear  or  only  slightly  opal- 
^cent  liquids.  The  specific  gravity  is  low,  1.002-1.009,  and  the  solids  only 
Amount  to  10-20  p.  m.  Pseudomucin  does  not  occur  as  a  typical  constit- 
uent; proteid  is  sometimes  absent,  and  when  it  does  occur  the  quantity  is 
Verj'  small.  The  principal  part  of  the  solids  coasists  of  salts  and  extractive 
l^odies.  In  exceptional  cases  the  fluid  may  be  rich  in  pn)teid  and  may  show 
^  hr^her  specific  gravity. 

In  regard  to  the  quantitative  composition  of  the  fluid  from  ovarial  cysts 
^•e  refer  the  reader  to  the  work  of  Oerum.^ 

E.  LuDWiG  and  R.  v.  Zeynek  '  have  recently  investigated  the  fat  from  dermoid 
cysts.  Besides  a  little  arachidic  acid,  they  found  oleic,  stearic,  palmitic,  and 
myristic  acids,  cetyl  alcohol,  and  a  cholesterin-like  substance. 

The  colloid  from  a  uterine  fibroma  analyzed  by  Stoli.mann'  contained  a 
pseudomucin  soluble  in  water  and  a  colloid  (paramucin)  insoluble  in  water,  both 
of  which  beh  ived  differently  with  alcohol  as  compared  to  the  c  r  esiK>nding  sub- 
stances from  ovari-1  cvsts. 


*  Kemiske  Studier  over  Ovjiriecysteva'dsker,   etc.     Koebcnhavn,  1884.     See  also 
Maly's  Jahresber.,  14,  450. 

'  Zeitschr.  f.  physiol.  Chem.,  2.^. 

•  American  Gynecology,  March,  1903. 
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The  Ovum. 

The  small  ova  of  man  anrl  mammals  rannnt,  for  e\^clent  reasons,  be  the' 
subject  of  a  searching  chemical  iiivestigatit)n.     Up  to  the  present  time  the 
eggs  of  birds,  amphibians,  and  fishes  have  been  investigated,  but  above  all 
the  hen's  egg.     We  will  here  occupy  ourselves  with  the  constituents  of  this 
last. 

The  Yolk  of  the  Hen's  Egg,  In  the  so-calletl  \\'hit«  yolk,  which  forms 
the  germ  with  a  process  roafhing  to  the  centre  of  the  yolk  (hiebra),  and  form- 
ing a  layer  between  the  j'olk  and  }^o Ik-membrane,  there  occur  proteidj  nudein, 
lecUkinf  and  pota  sium  (Liebermanx  ^).  The  occurrence  of  glycogen  is 
doubtful.  The  yolk-niembrane  consists  of  an  a  buminoid  similar  in  certain 
respects  to  keratin  (Likhermaxx), 

The  principal  part  of  the  yolk — the  nutritive  yolk  or  yeUow^ — Ls  a 
viscous,  non-traasparent,  ]mle-yellow  or  orange-yellow  alkaline  emulsion 
of  a  mikl  tast^?.  The  yolk  contains  rltellin,  leeUhinj  cholesterin,  jut,  color- 
ing-niatterSf  traces  of  neuridine  (Brieger*),  a  diasiaiic  emtfmc  (Muller  and 
Masuyama),  purin  bases  (Mesermtzki  *),  ghtcose  m  very  small  quantities, 
and  minerid  bodies.  The  occurrence  of  cerebrin  and  of  granules  similar  to 
starch  (Dareste  *)  has  not  been  positively  proved. 

OvovitelUn,    This  body  which  is  generally  considered  as  a  globulin,  is  in* 
reality  a  nucleo albumin.     The  question  as  to  what  relationship  other  protein 
substances  which  are  related  to  ovovitelhn,  like  the  alcuron-grains  of  cer- 
tain seeils  and  the  yolk  sphendes  *>f  tlie  eg^  of  certain  fi-ht^s  and  amphib- 
ians, bear  to  tliis  substance  is  one  which  requires  further  investigation. 

The  ovovitellin  which  has  been  preparetl  from  the  yolk  of  egg^  is  not  a 
pure  pHjteid  body,  but  always  contains  lecithin,  Hoppe-Seyler  found 
25  per  cent  lecithin  in  vitellin  and  also  some  pseudoniiclein.  The  lecithin 
may  be  removed  by  boiUng  alcohol,  but  the  vitellin  is  changed  thereby,  and 
it  is  the  efore  probable  hat  the  lecithin  Is  chemically  unitetl  with  the 
vitellin  (IIoppe-Seyler  ^).  According  to  Osrorne  and  Camphell,  the  eo- 
calletl  ovovitellin  is  a  mixture  of  varioiis  \itellin-lecithin  combinations,  with 
15--.*10  per  cent  nf  lecith'n  Tlie  proteid  substance  freed  from  lecithin  is  the 
sarne  in  all  these  compounds  and  has  the  following  composition:  C  51:24, 
H  7JG,  X  16.38,  S  1.04,  P  0.94,  O  23.24  per  cent.  Th^e  figuws  difiFer 
somewhat  from  those  ohtaine<l  by  Gross  *  for  vitellin  prepared  by  another 


»  Pflu^er'fl  Arch..  43. 
'  T>hor  Ptomaine.     Berlin,  la^. 

'Miiller  and  Masuyoma,  Zeitachr.  t  Bioiogie,  39;    Mesemitzkl,  Bioehem.  Cen- 
tral hi  .  1.  73f). 

*  Compt.  rcnd.»  72. 

*Med.  chem,  lTntere»ich  .  216. 

•  Oflhome  and  CamphelU  Connecticut  .\gric,  Exp,  Station,  23d  Ann.  Report.  Neir 
•n*  1900;  Gross,  Zur  Keniitn.  d,  OvovitdUna,  Inaug.-Diss.  StrassburR.  ISfKJ 
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method  (precipitation  with  (NHJ^SOJ,  namely:  C  48.01,  H  6.35,  N  14.91- 
16.97,  P  0.32^.35,  S  0.88,  and  the  composition  of  o%^ovitc4lin  is  therefore 
not  postitively  known.  Gross  found  in  vitt^llin  a  globuhn  coagulating  at* 
76-77^  C.  in  a  solution  containing  hydrochloric  acid. 

On  the  pepsin  digestion  of  ovovitellin,  Osborne  and  CAMPnELL  obtained 
a  psendonuclein  with  var>*ing  amounts  of  phosphonis,  2.52-4.19  per  cent. 
BuNGE  '  prepared  a  pseudonuclein  by  digesting  the  yolk  with  gastric  juice, 
and  his  psendonuclein,  according  to  him,  is  of  great  importance  in  the 
formation  of  he  blood,  and  on  these  grountls  he  called  it  hwmaiogen.  This 
hiematogen  has  the  following  composition:  C  42.11,  H  6.0S,  N  14.73, 
S  0.55,  P  5.19,  Fe  0.29,  and  O  31.05  per  cent. 

Vitellin  is  similar  to  the  globulins  in  that  it  i-s  insoluble  in  water,  but 
on  the  contrary  soluble  in  dilute  neutral-salt  solutions  (although  the  solution 
is  not  ciuite  transparent).  It  is  also  soluble  in  hydrochloric  acid  of  1  p.  m. 
antl  in  verj^  dilute  solutions  of  alkalies  or  alkah  carbonates.  It  is  precipi- 
tated from  its  salt  solution  by  diluting  with  water,  and  when  alLowcNj  to 
stand  some  time  in  contact  with  water  the  vitellin  is  gradually  changed, 
forming  a  substance  more  like  the  albuminates.  The  coagulation  tempera- 
ture for  the  solution  containing  salt  (XaCl)  lies  between  70^  and  75*^  C, 
or,  when  heated  very  rapidly,  at  about  80°  C.  Vitellin  differ  from  the 
globulins  in  yielding  pseudonucleiii  by  peptic  digestion.  It  is  not  always 
completely  precipitated  by  XaCI  in  substance.  Tlie  ovovitellin  is(4atefl  by 
Gross  gave  Molisch's  reaction.  Neubkrg  ^  has  also  .split  off  glucosamine 
from  the  yolk  and  has  identifietl  it  as  norbosaccharic  acid.  It  is  ilifhcult 
to  state  whether  this  glucosamine  was  derived  from  the  vitellin  or  from 
some  other  constituent  of  the  yolk. 

The  chief  points  in  the  preparation  of  ovovitellin  are  as  follows:  Tlie 
yolk  is  thoroughly  agitated  with  ether;  the  residue  is  dissolvetl  in  a  10  per 
cent  common-salt  solution,  filternb  ancl  the  vitellin  precipitaterl  by  adding 
an  abundatice  of  water.  The  vitellin  is  now  purifiwi  by  repeatetlly  red  is- 
solving  in  dilute  conimoo-«alt  solutions  and  precipitating  with  water. 

Ichlhulin^  which  occurs  in  the  eggs  of  the  carp  and  other  fishes  is,  according^ 
to  KossEL  and  Walter,^  an  amorphous  modification  of  the*  crystalline  bi>dy 
irhthuiin^  whirh  occurs  in  the  eggs  of  the  carp.  Ifhthulin  is  precipitated  on 
diluting  with  water.  It  used  to  be  considered  as  a  vitellin.  According  to  Walter 
it  yields  a  pvsoudonuclein  on  peptic  digestion;  and  this  psendonuclein  gives  a 
reduHiig  ciirbohydnite  on  boiling  with  sulphuric  acid.  Ichthuiin  has  the  foUow^- 
inp  composition:  C  5:^.42,  H  7.<>3,  X  15.G3,  0  22.10,  i^  0.41,  P  0.43.  It  also  eon- 
lams  iron.  The  ichthulin  investigated  bv  Levene  from  rodfish  eggs  had  the 
comiiosition  C  52.44,  H  7.45,  N  \^M,  lr>  0.02.  P  0.05,  Fe-fO  22.5S  i>tT  rent, 
yielded   do   reducing    substances  on   boiling   with  acids  and   behaved  similar 


»Zcit^ehr  f.  phy!?iol  Chem.,  »,  49. 
■  Ber,  d  d.  Chem,  GescUsck,  34. 

'  Walter,  Zettachr.  f.  physiol,  Chcm.,  15;    I^vene,  ibid,,  32;    Hammarsten,    Doi 
publl^ed. 
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to  the  pure  vilcUln  isolated  by  Hammarsten  from  perrh  eggs.    Th© 
irlithuliri  yielded  a  pseudony oleic  acid  with  10.34  per  eeat  phosphorug,  but 
acid  atill  gave  the  prottfid  reactions. 

The  yolk  also  contains  albumin,  besides  vitellio  and  the  abo%^e-mentioEf^ 
globulin. 

Tlie  fat  of  the  yolk  of  the  egg  is,  according  to  Liebermann,  a  nnxture 
of  a  soUtl  and  a  liquid  fat.     Tlie  solid  fat  consists  chiefly  of  tripalmitin  with 
some  stearin.     On  the  Baponificatinn  of  tbe  q^g-oil  Liedermaxx  obtained 
40  per  cent  oleic  acid,  38.04  per  cent  palmitic  acid^  and  15.21  per  cent  stearic 
acid.     The  lat  <jf  the  yolk  of  the  egg  contains  less  carbon  than  other  fatSt 
which  may  depend  upon  the  presence  of  monoglyceriiles  and  diglyceridesi,  o^ 
upon  a  quantity  of  fatty  acid  deficient  in  carbon  (Liebermann).    In  if"»^ 
lecithin,  or  more  correctly  in  the  lecithin  mixture  of  the  yoke,  CorsiK  fin^=^ 
also  linolic  acid  besides  the  three  ordinar\'  fatty  acids.     The  compasltic"^^ 
of  yolk  fat  is  dependent  upon  the  food,  as  Henriques  and  Hansen  *  hav-^®  ■ 
$^hown  that  the  fat  c^f  the  fond  passes  into  the  egg,  ^ 

Lutein.  Yellow  or  orange-red  amorpiious  coloring-matters  occur  in  tli^^^*^ 
yellow  of  the  egg  and  in  several  other  places  in  the  animal  oiiganl^ra;  fo^^-^j 
instance,  it^  the  blood-senuu  and  serous  Ouiils,  fatty  tissues,  milk-fat,  corpor^^^  j 
IiUea^  and  in  the  fat-glubules  of  the  retina.  These  coloring- mat  tens,  whict^t 
also  occur  in  the  vegetable  kingdom  (THnnirnrM).  and  \\hose  relationship"^^  ^^ 
to  the  xegetable  pigments^  tiic  xanthophyll  groiq^,  has  recently  been  shovrc^^^^^ 
by  ScHUNCK  ^  have  been  called  luteins  or  lipochromcs. 

The  luteins,  which  among  themselves  show  somewhat  different  pmper- 
ties,  are  all  soluble  in  alcoh<il,  ether,  and  chloroform.  They  diflTer  from  the 
bile-pigment,  bilind>in,  in  that  they  are  not  separated  from  their  solution 
in  chloroform  by  water  containing  alkali,  and  also  in  that  they  do  not  give 
the  characteristic  play  of  colors  with  nitric  acid  containing  a  little  nitrous 
acid,  but  give  a  transient  blue  color,  and  lastly  they  ordinarily  show  an 
abso  ption-spectnim  of  two  bands,  of  which  one  covers  the  line  F  and  the 
other  lies  between  the  lines  F  and  G.  The  luteins  witlistand  the  action 
of  alkalies  so  that  they  are  not  changed  when  we  remove  the  fatij  present  by 
means  of  saponification. 


Lutein  has  iiot  b<?en  prepared  pure.  Malt  •  has  found  two  pigincnts  free  fn 
iron  in  the  eggs  of  a  water-spider  [Mnja  squinado) — one  a  rca  (xitellorubin)  and 
the  f»ther  a  yellow  pigment  {inkUoltdein).  Bnth  of  these  pigments  are  colored 
blue  bv  nilri*'  acid  containing  nitrous  acid  and  Ijcautifully  green  by  concentrated 
siili^hurii'  acid.  The  absorption-bands,  especially  of  the  vitellolutein,  correspond 
very  nearly  to  those  of  ovolutein. 


»  Cousm,  Tompt.  rend,,  1S7;  Henriques  and  Hansen,  Skand.  Arch.  f.  pbyBiol.,  II. 
'Thiidichum,  Centralbl  i.  d.  tried.  Wissensch.,   1809;   Schunck,  see  Chem.  Can* 
,tml»>l.,  mn,  %  1105, 

*  Monatfihefte  f.  Chem.,  2. 
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'Rie  mineTal  bodies  of  the  yolk  of  the  egg  consist,  according  to  Poleck/ 
d  51.2-65.7  parts  soda,  80.5-89.3  potash,  122.1-132.8  lime,  20.7-21.1 
loagnesia,  11.90-14.5  iron  oxide,  638.1-667.0  phosphoric  acid,  and  5.5-14.0 
parts  silicic  acid  in  1000  parts  of  the  ash.  We  find  phosphoric  acid  and 
fime  the  most  abundant,  and  then  potash,  which  is  somewhat  greater  in 
quantity  than  the  soda.  These  results  are  not,  however,  quite  correct;  first, 
because  no  dissolved  phosphate  occurs  in  the  yolk  (Liebermann),  and 
secondly,  in  burning,  phosphoric  and  sulphuric  acids  are  produced  and  these 
diive  away  the  chlorine,  which  is  not  accounted  for  in  the  preceding 
JUD&lyses. 

The  yolk  of  the  hen's  egg  weighs  about  12-18  grams.  The  quantity 
of  water  and  solids  amoimts,  according  to  Parkes,'  to  471.9  p.  m.  and 
-528.1  p.  m.  respectively.  Among  the  solids  he  found  156.3  p.  m.  proteid, 
3^  p.  m.  soluble  and  6.12  p.  m.  insoluble  salts.  The  quantity  of  fat, 
^M^rding  to  Parkes,  is  228.4  p.  m.,  the  lecithin,  calculated  from  the  amount 
of  phosphorus  in  the  oiiganic  substance  of  the  alcohol-ether  extract,  was 
1^07.2  p.  m.  and  the  cholesterin  17.5  p.  m. 

The  white  of  the  egg  is  a  faintly  yellow,  albuminous  fluid  enclosed  in  a 
framework  of  thin  membranes;  and  this  fluid  is  in  itself  very  liquid,  but 
«©ems  viscous  because  of  the  presence  of  these  fine  membranes.  That  sub- 
stance which  forms  the  membranes,  and  of  which  the  chcUaza  consists,  seems 
to  be  a  body  nearly  related  to  horn  substances  (Liebermann). 

The  white  of  the  ^g  has  a  specific  gravity  of  1.045  and  always  has  an 

alkaline  reaction  towards  litmus.    It  contains  850-880  p.  m.  water,  100-130 

p.   m.  proteid  bodies,  and  7  p.  m.  salts.     Among  the  extractive  bodies 

^^--^HMANN  found  a  fermentable  variety  of  sugar  which  amounted  to  5  p.  m. 

^x*,  according  to  Meissner,  80  p.  m.  of  the  solids.'    Besides  those  one  finds 

■*^  the  white  of  the  egg  traces  of  fats,  soaps,  lecithin,  and  cholesterin. 

The  white  of  the  egg  oi  the  Insessores  becomes  transparent  on  boiling  and  acts 
^^  many  respects  like  alkali  albuminate.    This  albumin  Tarchanoff  ^  called 
^  taUd  mmin,*  * 

The  protein  substances  of  the  white  of  egg  are  all  glucoproteids,  as  they 
^^11  yield  glucosamine.    According  to  the  solution  and  precipitation  prop- 
erties they  are  similar  to  the  globulins,  albumins,  or  proteoses.    The  repre- 
sentatives of  the   first  two  groups,  which  until  recently  were  considered 
as  true  proteids,  are  ovoglobidin  and  ovalbumin.     The  proteose-like  body 
is  ovomucoid. 

Ovoglobulin  separates  in  part  on  diluting  the  egg-white  with  water. 
It  is  precipitated  upon  saturation   with   magnesium  sulphate    or  upon 

*  Cited  from  Gonip-Besanez,  Lehrbuch  d.  physiol.  Chem.,  4.  Aufl.,  740. 
'  Hoppe-Seyler,  Med.  chem.  Untereuch.,  Heft  2,  209. 
•Gted  from  Oonip-Besanez,  Lehrbuch,  4.  Aufl.,  739. 
<  Pfluger's  Arch.,  31,  33,  and  39. 
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one  half  saturation  with  ammonium  sulphate  and  coagulates  at  about  75^  C* 
By  repeated  solution  in  water  and  pre€ipitatir>ti  with  ammonium  sulphate  a 
part  of  the  globulin  becomes  insoluble  (Langsteln).  This  also  occurs  00 
precipitation  by  tiilutiug  with  water  or  by  dialysis  and  it  is  quite  possible 
that  the  globulin  is  a  mixture.  That  portion  which  readily  becomes  in- 
soluble seems  to  be  identical  with  Eichholz's  glucoproteid  or  Dsborxe  and 
Campbell's  ovomucin.  Langstein  obtaineil  11  per  cent  of  glucosamine 
from  the  s(dyl>le  ovoglobulin.  The  total  quantity  of  globulins,  according 
to  DiLLNEa,  is  about  6*7  per  cent  of  the  total  protein  substances,  and  this 
corresponds  with  the  recent  determinations  of  Osbornk  and  Campbell. 
In  regard  to  the  prcjbable  occurrence  of  several  globulins  in  the  white  of 
the  egg  there  are  the  statements  of  Corin  and  Berard  as  w^ell  as  of  Lang- 
STEiNt'  but  they  have  not  led  to  any  positive  conckisions. 

Ovalbumin.  The  so^alled  albumin  of  the  egg-white  is  undoubtedly 
a  mixture  of  at  least  two  albumin-like  glucopruteids.  The  views  differ 
couHiderably  in  regard  to  the  number  of  these  compound  proteids  (Bond- 
ZYNSKi  and  Zoja,  Gautier,  BfecHAMP,  CoRix  and  Berard,  Panormoff^ 
and  others).  Since  Hofmeister  has  been  able  to  prepare  ovalbumin  in  a 
ciy^stalline  form,  and  since  Hopkins  and  Pinkus  ^  have  shown  that  not 
more  than  one  half  of  the  ovalbumin  can  be  obtained  in  such  a  ft>rm, 
Osborne  and  Campbell  have  isolated  two  different  ovalbumins  or  chief 
fractions;  the  erj^stallizable  they  call  oimlbumin  and  the  non-crj'stallizable, 
con^lbumin.  Both  fractions  have  only  a  slight  variation  in  elcmentan^ 
composition ;  the  conalbumin  coagulates  between  50-60*^  C,  nearer  to  G(J°  C 
and  the  ovalbumin  at  64*^  C.  or  at  a  higher  temperature.  There  are  no  con- 
clusive investigations  as  to  the  point  whether  the  nnn-cr>^stallizable  con- 
albumin  is  a  mixture  or  not,  and  the  question  concerning  the  unity  of  the 
crystalUzable  ovalbumin  Is  also  dlsputeiL  According  to  Bondzvxski 
and  ZoJA  c^^stalli;5able  ovall>umin  is  a  mixture  of  several  albumias  having 
somewhat  different  coagidation  temperatures,  solubihty,  and  specific  rota- 
tion, while  Hofmeistkr  and  Langstein  on  the  contrftr>^  believe  that  cr>'S- 
tallizable  ovalbumin  Ls  a  unit.  The  statements  as  to  the  specific  rotation 
of  the  different  fractions  unfortunately  differ  and  the  elementary  analyses 
have  ako  given  no  positive  results,  as  a  variation  of  L2-1.7per  cent  have 
been  obser\*cd  in  the  quantity  of  sulpliur.  According  to  the  consistent 
analyses  of  Osborne  and  Campbell  and  of  Langstein  the  conalbumin  con- 


M-fingsteifi,  Hofniei*5ter*3  Beitrjigc,  1 ,  EiclihoU,  Joum,  of  Physiol, ,  3KI ;  (Mwrne 
and  (Wnp^ell,  Conriorfifut  Agric,  Exp.  Station,  23J  Ann,  Heport,  New  Haven,  1900; 
Dilllier,  Mjily 'i»  Jiibri'sber,  15;   Conn  and  Berard,  ibid.,  IS 

'  Hofmeustcr,  Zcitschr,  1  physiol  Chcm.,  14^  10.  and  21;  Gabriel,  16 id. » 15;  Eond* 
^vn^ki  And  Zoja,  ibid.,  W;  Gautipr,  Bull  90c.  chim*  14;  B<'champ»  rl»iW,,  21;  CVrin 
nmi  Bemrd.  I  c. ;  Hopkins  an<i  Pinku?*,  Her.  d.  d.  chein.  OcseUach,,  81,  and  Joum,  d 
PhysioL,  23;  Osborne  aiid  Campbell,  L  c. ;   Panonnofr,  Maly's  Jahresber..  27  and  28. 
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tains  al>oiit  \j  per  cent  sulphur  and  about  16  per  cent  nitrogen,  while  the 
ovalbumin  t'i>ntftms  on  an  average  about  15.3  per  cent  nitmgen.  Lang- 
stein  ^  obtained  10-11  per  eent  glucosamine  from  ovalbumin  and  about 
9  per  cent  fnnn  etjuiilbunun.  The  ovalbumin  like  the  conalbumin  Iia^ 
the  properties  of  the  albumins  in  general,  but  differs  from  seralbumin  in 
the  ffillowing:  The  specific  rotation  Ls  lower.  It  is  made  qniekly  insoluble 
by  alcohol  and  h  precipitateiUiy  a  sufficient  quantity  of  HCl,  but  dissolves 
in  an  excess  of  acid  with  greater  difficulty  than  the  seralbumin. 

In  preparing  cr}^stalline  ovalbumin  mix,  according  to  Hofmeister,  the 
beaten  white  of  egg  free  from  foam  with  an  eqiml  volume  of  a  saturated 
ammoniunvsulphate  solution,  filter  off  the  globnhn.  and  allow  the  filtrate 
to  slowly  evapnrate  in  thin  layers  at  the  temperature  of  the  room.  After 
a  time  the  nia.sses  which  separate  out  are  dissolved  in  water,  treated  with 
ammonium-ynlphate  soluti<ju  until  they  begin  to  get  cloudy,  and  allowc^l 
to  stand.  After  repeated  recrystallization  the  mass  is  either  treated  \N'ith 
alcnhol,  which  makes  the  crystals  insohible,  or  they  are  dissoh^ed  in  water 
and  purified  by  liialysis.  From  these  solutions  the  proteid  does  not  crys- 
tallize again  on  ^spontaneous  evaporation*  (See  also  page  430,  foot-note 2, 
for  the  Hopkins  and  Pin  kits  method.) 

Coiuilbuniin  can  be  removal  from  the  filtrate,  after  the  complete  cr>^s- 
talMzation  of  the  ovalbumin,  by  removing  the  sulphate  by  means  of  dialysis 
and  coagulating  by  heat. 

Gautier  •  found  a  ribrinogen-like  substance  in  the  white  of  the  egg,  which 
wa3  changed  into  a  fibrin -like  body  by  the  action  of  a  ferment. 

Ovomucoid,  This  substance,  first  observed  by  Neumeister  and  consid- 
ered by  him  as  a  pseudopeptc>ne  and  then  later  studied  by  Salkowski,  is, 
according  to  C  Th.  ^fonXKR,*  a  mucoid  with  12.65  per  cent  nitrogen  and 
2.20  per  cent  sulphur.  On  boiling  with  diUite  mineral  acids  it  yields  a 
retlucing  substance.  Ovomueoid  ejcists  in  hens'  eggs  to  the  extent  of  about 
It*  per  cent  of  the  total  solids. 

A  sfdution  ni  t»vomucyid  is  not  precipitated  by  mineral  acids  nor  by 
organic  acids,  with  the  exception  of  phosphotungstic  acid  and  tannic  acid. 
It  is  not  precipitated  by  metallic  salts,  but  liasie  leiul  acetate  and  ammonia 
render  it  irisoluljl  \  Ovnnxucoid  is  thrown  down  by  tdcohol^  but  sodium  chlo- 
ride, sodium  sulfihate,  and  ina^cne^ium  sidphate  give  no  precipitates  either  at 
the  ordinary  temperature  or  when  the  salt8  an*  addwl  to  saturation  at  SO'^C. 
Its  sr)hitious  are  not  prei-ipitated  by  an  eciua!  volume  of  a  saturated  solution 
of  ammonium  sulphate,  but  are  precipitated  on  adding  more  salt  thereto. 


^  Zeitachr   f   phyaiot  Chem,»  31. 

'Compt.  rend..  W%, 

•  R.  Neumeii?tler,  Zoitschr.  f,  Biolocie,  27 ;  Salkowski,  Centrnlbl.  f.  d.  raed  Wis- 
aenach.^  1893,  513  aad  705;  C.  Momer,  Zeitschr,  f,  physiol.  Chetn.,  18;  see  alao 
Lanp<tcln,  Hofmeister 's  Beitr<ig<!»  3  (litc?ratur<»). 
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The  substance  is  not  precipitated  on  boiling,  but  the  part  which  has  become 
insoluble  in  cold  water  and  tlien  dried  is  dissolved  by  Ijoiling  water.  Za- 
NETTi  has  prepared  glucosamine  on  splitting  ovomucoid  with  concentrated 
hydrochloric  acid,  and  Seemann  found  that  the  quantity  of  glucosamine  in 
ovomucoid  was  34.9  per  cent.* 

Ovomucoid  may  be  preparefl  by  removing  all  the  proteids  by  boiling 
with  the  addition  of  acetic  acid  and  then  concentrating  the  filtrate  and 
precipitating  with  alctihtd.  The  substance  is  purified  by  repeated  solution 
m  water  and  precipitating  with  alcohol. 

The  mineral  bodies  of  the  white  of  the  egg  have  been  analyzefl  by  Poleck 
and  Weber.*  They  found  in  KKK)  parts  of  the  ash:  276.6-284.5  i^rams 
potash,  235.6-329.3  soda,  17.4-29  lime,  16-3L7  magnesia,  4.4-5.5  iron 
oxiile,  238.4r'2S5.6  chlorine,  3L6-48.3  phosphoric  acid  (PA).  13.2-26.3 
sulphuric  acid,  2.^20.4  siHcic  acid,  and  96.7-116  grams  carlKjn  dioxide. 
Traces  of  fluorine  have  also  been  found  (Xickl^s  ^).  The  ash  uf  the  white 
of  the  egg  contains,  as  compare<l  with  the  yolk,  a  greater  amount  of  chlorine 
and  alkalies  and  a  smaller  amount  of  lime,  phosphoric  acid,  and  iron. 

The  Shell-membrane  and  the  Egg-sheU.  The  shell-membrane  consists. 
aa  above  stated  (page  57),  of  a  keratin  substance.  The  shell  contains  very 
little  organic  substance,  36-65  p.  m.  The  chief  mass,  more  than  900  p.  m., 
coiLsists  of  calcium  carbonate;  besides  this  there  are  very  small  amounts  of 
magnesium  carbonate  and  earthy  phosphates. 

The  diverse  coloring  of  birds  *  eggs  is  due  to  several  different  roloring- matters. 
Anions  these  we  iUul  a  red  or  reddL^h-browtt  i>igment  caUed  ^^oormtein  *^  by  8orby,' 
which  is  perhaj^is  idecuieal  with  IkTrnatofKirpliyrin.  The  green  or  blue  coloring- 
matter,  SoRBV's  ixfcyan,  seems,  arrorditig  to  Liebermaxn*  and  Krukenbebg,  • 
to  be  [lartly  biliverdin  and  partly  a  blue  derivative  oj  the  hUe-pigrnenU, 

Tile  eggs  of  birds  have  a  space  at  their  blunt  end  filled  with  gas;  this 
gdiS  contains  on  an  average  1S,0-UK9  per  cent  oxygen  (Hufner  '). 

**^*>e  weight  of  a  hen's  egg  varies  between  40-60  ^rams  and  may  some- 
igh  70  grams.  The  shell  and  shell-memljrane  together,  when  care- 
led,  but  still  in  the  moist  state,  weigh  5-8  grams.  The  yolk  weighs 
I  the  white  23-31  grnms,  or  about  double.  The  entire  egg  con- 
-7.5»  or  average  4.6  milligrams  of  iron  oxide,  and  the  quantity  of 
be  increaseil  by  food  rich  in  iron  (Hartung  •)* 

awtti,  CheiiL   Centfttlbl.    1S08,  1;   Seemann^  cited  from  LangsteiD*  Ei^gebniasd 
4,1,  .\bt  I.  86. 

om  Hnppe-Seylcf.  Physiol  Chera.,  778. 

f»nd  ,  iX 

jm  Knjkenberg,  Verh,  d,  phys.-chem.  OeaeUsck  in  Wunsborg.  17 

douiaoh.  chcm.  Gesellach,,  11. 

I  Baifl-Il<n'mond*9  Ansh,,  1^92. 
itiichr    f    BioIoRie.  43. 
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The  wMte  of  the  egg  of  cartilaginous  and  bony  fishes  contains  only  traces  of 
%T\it  albumin,  and  the  cover  of  the  frog 's  egg  consists,  according  to  Giacosa,^  of 
mucin.  The  crystalline  formations  (j^lkspheruleSf  or  doUerpldWchen)  which  have 
bcea  observed  in  the  egg  of  the  tortoise,  Irog,  ray,  shark,  and  other  fishes,  and 
^wfaidi  are  described  by  Valbnciennes  and  Fremy  '  under  the  names  emydin, 
iditkin,  ichthidin,  and  vchthulin,  seem,  as  above  stated  in  connection  with  ichthulin, 
to  consist  chiefly  of  phosphoglucoproteids.  The  egg  of  the  river-crab  and  the 
lobster  contain  the  same  piement  as  the  shell  of  the  animal.  This  pigment,  called 
cyanocrystallin,  becomes  red  on  boiling  in  water. 

C.  Morner'  has  isolated  a  substance  which  he  calls  percaglobulin  from  the 
uoripe  eggs  of  the  river-perch.  It  is  a  globulin  and  has  a  strong  astringent  taste, 
is  rather  rich  in  sulphur,  1.92  per  cent,  and  is  precipitated  by  0.75  per  cent  HCl. 
•Especially  striking  is  its  property  of  precipitating  certain  glucoproteids,  such  as 
ovomucoid  and  ovarial  mucoids,  and  polysacchari£s,  such  as  ^lyc^ogen,  gum  traga- 
canth  or  quince-seed  ^um  and  starch-paste,  and  of  l)eing  precipitated  by  them. 

In  fofisil  eggs  (of  aptenodttes,  pelecanus,  and  HALLiCus)  in  old  guano 
cieposits,  a  jreflowish-white  silky,  laminated  combination  has  been  found  which 
i«  called  guanomdU,  {NH4)i$0.-|-2ICS044-3KHS044-4H,0,  and  which  is  easily 
soluble  in  water,  but  is  insoluble  in  alcohol  and  ether. 

Those  ^gs  which  d'jvelop  outside  of  the  mother-organism  must  contain 

^11  the  elements  necessary  for  the  young  animals.    One  finds,  therefore,  in 

t.lie  yolk  and  white  of  the  egg  an  abundant  quantity  of  proteid  bodies  of 

different  kinds,  and  especially  phosphorized  proteicls  in  the  yolk.    Further, 

^v^e  also  find  lecithin  in  the  yolk,  which  seems  habitually  to  occur  in  the 

developing  cell.    The  occurrence  of  glycogen  is  doubtful,  and  the  carbo- 

V^ydrates  are  perhaps  represented  by  a  very  small  amount  of  sugar  and 

%lucoproteids.    On  the  contrary,  the  egg  contains  a  lai^e  proportion  of  fat, 

Xi-hich  doubtless  Is  an  important  source  for  the  supply  of  nourishment  and 

5n  maintaining  respiration  for  the  embrj'o.     Tlie  cholcsterin  and  the  lutein 

<?an  hardly  have  a  direct  influence  on  the  development  of   the  embryo. 

The   ^g  also   seems   to    contain   the    mineral   bodies   necessary^   for  the 

development  of  the  young  animal.     The  lack  of  phosphoric  acnd  is  com- 

peasated  by  an  abimdant  amount  of  phosphorized  organic  substance,  and 

the  nucleoalbumin  containing  iron,  from  which  the  hxmatogen  (sec  page 

427)  Is  formed,  is  doubtless,  as  Bunge  claims,  of  great  importance  in  the 

formation  of  the  haemoglobin  containing  iron.     The  silicic  acid  necessary 

for  the  development  of  the  feathers  is  also  found  in  the  Qgg, 

During  the  period  of  incubation  the  egg  loses  weight,  chiefly  due  to  loss 
of  water.  The  quantity  of  solids,  especially  the  fat  and  the  proteids, 
diminishes  and  the  ^g  gives  off  not  only  carbon  dioxide,  but  also,  as 
LiEBERMAXN  *  has  showTi,  nitTogcn  or  a  nitrogenous  substance.  The  loss 
is  compensated  by  the  absorption  of  oxygen,  and  it  is  found  that  during  - 
incubation  a  respiratory  exchange  of  gas  takes  place. 

*  Zeitschr.  f.  physiol.  Chem.,  7. 

•Cited  from  Hoppe-Seyler's  Physiol.  Chem.,  77. 

•  Zeitschr.  f.  physiol.  Chem.,  40. 
*Pfluger'sArch.,  43. 
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As  Bohr  and  Hasselbach  have  shown  by  exact  investigations,  the 
eliiTiination  of  carbon  dioxide  is  very  small  the  first  days  of  incubation; 
on  the  fourth  day  the  carbon  dioxide  production  gradually  increases  and 
after  the  ninth  day  it  augments?  in  the  same  proportion  as  the  weight  of 
the  fa*tu*s.  Calculated  upon  1  kilogram  weight  for  one  hour  it  is,  from  the 
ninth  day  oo,  about  the  same  as  in  the  full  grown  hen.  Hasselbach  * 
has  also  shown  that  the  fertiUzed  hen  s  egg  not  only  gives  off  nitrogen 
the  first  five  or  six  hours  of  ineul)ation,  but  also  some  oxygen,  and  that  we 
are  here  dealing  with  an  oxygen  production  which  runs  parallel  with  the 
ccllHii vision.  It  is  not  known  whether  this  oxygen  formation  connected 
with  the  life  of  tlie  cell  is  a  fermentative  or  a  so-called  vital  process. 

Wiile  the  quantity  of  dry  substance  hi  the  egg  during  this  period  alwa\^ 
decreases,  the  quantity  of  mineral  bodies,  proteid,  and  fat  always  increases 
in  the  embn^o,  Tlie  increase  in  the  amount  of  fat  in  the  embrj'o  depends, 
according  tf>  Liebermaxn,  in  great  part  upon  a  taking  up  of  the  nutritive 
yolk  in  the  abtloininal  cavity.  The  weight  of  the  shell  and  the  quantity  of 
Ihne-^alts  containetl  therein  remains  unchanged  during  inctibation.  The 
yolk  and  white  ttigether  contain  the  necessan*^  quantity  of  lime  for  devel- 
opment. 

The  most  complete  and  careful  chermcal  investigation  on  the  develop 
ment  oi  the  embryo  of  the  hen  ba^  been  made  by  Liebermann.  From  h:s"' 
researches  we  may  quote  the  following :  In  t!ie  earlier  stages  of  the  develop- 
ment, tissues  ver}'  rich  in  water  are  formed,  but  upon  the  continuation  of  the 
development  the  quantity  of  water  decreiises.  The  absolute  quantity  of 
the  bodies  soluble  in  water  increases  with  the  development,  while  their  rela- 
tive quantity^  a^  compared  with  the  other  solids,  continually  decreasi 
The  quantity  of  the  bodit^  soluble  in  alcohol  quickly  increases.  A  specially^ 
important  increase  is  noticed  in  the  fat.  whose  quantity  is  not  ver>'  great 
even  on  the  fourteenth  day,  but  after  that  it  becomes  considerable.  The 
quantity-  of  proteid  bodies  and  albuminoids  soluble  in  ^-ater  grows  contin- 
ually and  regularly  in  such  a  way  that  their  absolute  quantity  increases, 
wtiik  their  relative  quantity  remains  nearly  unchanged.  Lieberm.\xn 
!:|i^tiJ  tio  i^Hatine  in  the  embr>'o  of  the  hen.  The  embrjo  does  not  contain 
nov  -forming  substance  until  the  tenth  day.  and  from  the  fourteenth 

I        it  ir>  a  botly  which  when  boiled  with  water  g:ives  a  substance 

.: ID  lii  :uin:u     A  body  similar  to  mucin  occurs  in  the  emhiyo  when 

iiut  BIX  da>is  old,  but  then  dl^p}>ear&.    The  quantity  of  hsmoglobin 
I  eontinual  increajfe  compareil  with  the  wea^t  erf  the  body.    Likbeb- 
:  jund  that  tin*  relationship  of  t1iebsfiB)K3eM>i-n  to  the  body  weight  was 
S  on  the  efeveoth  day  and  1  ;421  ou  th^  twmty-fim  day. 
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By  means  of  Berthelot's  thermcunetric  methods  Tangl  has  deter- 
mined the  chemical  energy  present  at  the  beginning  and  end  of  the  develop- 
ment of  the  embmj  of  the  sparrow's  and  hen's  eggs.  The  difference  was 
considered  as  work  of  development.  He  found  that  the  chemical  energy 
necessary  for  the  development  of  1  gram  of  ripe  or  nearly  ripe  hen's  embrj^o 
(Plymouth  e^g)  was  equal  to  &>8  Calories.  This  energy  originated  cliiefly 
from  the  fat.  Of  the  total  chemical  energy  utilized,  two  thirds  was  used  for 
the  construction  of  the  embr>^o  and  one  third  transformed  into  other  forms 
of  energy  as  work  of  development.  Still  more  recent  researches  of  Bohr  and 
Hasselbach  *  show  that  none  of  the  transformed  chemical  energj^  is  used  in 
the  construction  of  the  embryo,  as  it  nearly  entirely  leaves  the  egg  as  heat. 

The  tissue  of  the  placenta  has  not  thus  far  been  the  subject  of  detailed  chemiral 
investigation.  In  the  ed^es  of  the  placenta  of  hitfhea  and  of  cats  a  t'ryataiUizable 
orange-colored  pigment  (biluribin?)  has  been  founds  and  also  a  green  amorphous 
pigTiient,  Meckel's  htrmakichhrinf  which  is  considered  as  bilivcrdin  by  Em,* 
Weyeii  '  questbrLs  the  identity  of  these  pigments  with  biliverdin. 

From  the  cotyledoiua  of  the  placenta  in  ruminants  a  white  or  faintly  rose-colored 
creamy  fluid,  the  uterine  mitk,  can  be  obtained  by  pressure.  It  is  alkaline  La 
reaction,  but  becomes  acid  auickly.  Its  specific  gravity  is  1.033-1.040.  It  con- 
taitk^  as  form-elements  fat-globules^  small  granules,  and  e pi theUum -cells.  There 
has  ticen  found  81. 2-1 20 J  p.  m.  solids,  5L2-105.6  p*  m.  proteid,  about  10  p.  m, 
fat,  and  3,7-8,2  p.  m,  ash  in  the  uterine  milk. 

The  fluid  occurring  in  the  so-called  grape-mole  (Mola  raremosa)  has  a  low 
specific  gravity,  L0(VJ-l.O12,  and  contains  19,4-26.3  p.  m.  solids  \rith  9-10  p.  ra* 
protein  bodies  and  6-7  p.  m.  ash* 

Tlie  aumiotic  fluid  in  women  is  thin,  whitish,  or  pale  yellow;  sometimes 
it  is  somewhat  yclIawish-browTi  and  cloudy.  li\Tdte  flakes  separate.  The 
form-elements  are  mucas-corpusdeSf  epithelium-cells,  {al-drops^  and  lanugo 
kuir.  The  odor  is  stale^  the  reaction  neutral  or  faintly  alkaline.  Tlie 
speciEc  gra\'ity  Ls  1.002-1.028. 

The  amniotic  fluid  contains  the  constituents  of  ordinary  transudate. 
The  amount  of  soliils  at  birth  b  hardly  20  p.  m.  In  the  earlier  stages  of 
pregnancy  the  fluid  contains  more  solids,  especially  proteids.  Among  the 
proted  bodies  Wevl  found  one  substance  similar  to  viteUin^  and  with  great 
probability  aUo  scralhivmn,  l>asides  small  (piantitiefl  o  mucin.  Enzymes 
of  various  kinds  (pepsin,  rltastase,  thrombin,  lipase)  occur  according  to 
Bo^fDI.  Sugar  Is  regularly  found  in  the  amniotic  fluid  of  cows,  but  not  in 
human  beings.  On  the  contrar}%  the  human  amniotic  fluid  contains  some 
urea  and  allanloin.  The  quantity  of  these  may  be  increased  in  hydramnion 
{PROCHOWXICK,  Harnack),  w^hicli  depends  on  an  increased  secretion  by 
the  kidneys  and  skin  of  th:*  fcrtus.  Creatine  and  lactates  are  doubtful  con- 
stituents of  the  amniotic  fluid.    The  quantity  of  urea  in  the  amniotic  fluid 

*  Tangl.  Pfliiger's  Arch.,  93^  Bohr  and  Hasselbach,  Skand,  Arch.  f.  PhysioL,  1-1, 

» Maly 's  Jahre6b«r.,  2,  287. 

■  Die  Blutkristalle.  Jena,  1871.  180. 
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is,  accordng  to  Prochownick,  0.16  p.  m.  In  the  fluid  in  hydramr 
Prochownick  and  Harnack  found  respectively  0.34  and  0.48  p.  m.  u 
The  chief  mass  o'  the  solids  consists  of  salts.  The  quantity  of  chlori 
(NaCl)  is  5.7-6.6  p.  m.  The  molecular  concentration  of  the  anmiotic  fl 
is  somewhat  lower  than  that  of  the  blood,  which  is  no  doubt  due  U 
dilution  by  the  foetal  urine  (Zangemeister  and  Meissl  *). 

>  Weyl.DuBois-Reymond'sandReichert's Arch.,  1876;  Bondi, Centralbl.  f.Gynal 
1903;  Prochownick,  Arch.  f.  Gyn&k.,  11,  also  Maly's  Jahresber.,  7,  155;  Hanu 
Berlin  klin.  Wochenschr.,  1888,  No.  41;  Zangemeister  and  Meissl,  Munch  med.  W^ 
enschr.,  1903. 
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The  chemical  constituents  of  the  mamjnary  glands  have  been  little 
studied.  The  cells  are  rich  in  proteid  and  nucleoproteids.  Among  the  latter 
we  have  one  that  yields  pentt^se  and  guanine,  but  no  other  purin  base  on 
boiling  witli  dilute  mineral  acids.  This  ccnnpmnd  proieid,  inve?^tigateiLl  hy 
Odenius,  contains  as  an  average  the  following:  17-28  per  cent  N,  0.89  per 
cent  S,  and  0.277  per  cent  P.  One  cannot  state  what  rektitjn  ihiB  body 
beare  to  that  constituent  of  the  gland  fouhtl  by  13ert,  which  on  boiling  with 
dilute  mineral  acids  j'ieldetl  a  reducing  substance.  Such  a  aubstance, 
which  acts  perhaps  a^  a  step  towards  the  formatirm  nf  lactose,  has  also 
been  ob6er\^ed  by  Thiicrfklder/  Ful  seems  to  lye  a  never-failing  con- 
stituent of  the  secreting  gland,  and  this  fat  may  be  obser\'ed  in  the 
protoidasm  as  large  or  small  globules  siniDar  to  milk-glohulc^.  The  ex- 
tractive bodies  of  the  mammary  glands  have  been  tittle  investigatetl,  but 
among  them  are  found  considerable  amounts  of  purin  Imims, 

As  human  milk  and  the  milk  of  animals  are  essentially  of  the  same 
constitution,  it  seems  best  to  speak  first  of  the  one  most  thorougldy  inves- 
tigated, namely,  cow's  milk*»  and  then  of  the  essential  properties  of  the 
remaining  important  kinds  of  milk.' 

Cow's  Milk. 

Cow's  milk,  like  every  other  kind^  forms  an  emulsion  w^hich  consists  of 
very  finely  divided  fat  suspended  in  a  solution  consisting  chiefly  of  proteid 
bodies^  mdk-sugar,  and  salts.  Milk  is  non- transparent,  wiaite^  whitish 
yellow,  or  in  thin  layers  somewhat  bluLsh-white,  of  a  faint,  insipid  odor  and 
mil(K  faintly  sweetish  taste.  The  specific  gravity  is  1.02S  to  L0345  at 
15°  C.  The  freejiing-point  is  0.54^,59°  C,  average  0.563°  C,  and  the  mo- 
lecular concentration  0,298. 

The  reaction  of  perfectly  fresh  milk  is  generally  amphoteric  towards 
litmus.     The  extent  of  the  acid  and  alkaline  part  of  this  amphoteric  reac- 


^  'Odeniiis,  Maly'a  Jahresber,  30;    Xiert,  Compt.  rend.,  98;   Thierfdder,  Pfliiger'a 

^H  Arch.»  32,  and  iMaty's  Jahresber.,  13. 

^^  '  A  ver>^  complete  reference  to  the  literature  on  milk  may  be  found  in  RAudnitz's 

I  "Die  Bestandteile  der  Milch/ '  m  Ergebuisse  dor  rhysiol.,  2,  Abt.  I. 
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tluti  hiks  been  cietermined  by  different  in\-estigators,  especially  Thohner^j 
Sebeliex,  and  Couil\nt.*  The  resultw  differ  somewhat  with  the  indicator 
used,  and  moreover  the  milk  from  different  animals,  as  well  as  that  from 
the  same  anhnal  at  different  times  during  the  lactation  period,  varies 
somew^hat.  Couraxt  has  determinetl  the  alkaline  part  by  N/10  sulphnriel 
acid,  using  bine  lacmoid  as  indicator »  and  the  acid  part  by  N/10  caustic 
soda,  using  phenolphthalein  as  indicator.  He  found,  as  an  average  for  the 
first  and  last  portions  of  the  milking  of  tAventy  cow^s,  that  100  c.  c,  milk 
had  the  same  alkaluie  reaction  toward  blue  lacmoid  as  41  c.  c.  N/IO 
caustic  soda,  and  the  same  acid  reaction  toward  phenolphthalein  as 
19.5  c.  c*  N/10  sulphuric  acid. 

Milk  gradually  changes  when  exposetl  t4)  the  air,  and  its  reaction 
becomes  more  and  more  acid.  Tins  depends  on  a  gradual  transformation 
of  the  milk-sugar  into  lactic  acid,  caused  by  micro-orgaiiLsnis. 

Entirely  fresh  amphoteric  milk  does  not  coagulate  on  boiling,  but  for 
a  skin  consisting  of  coagulated  casein  and  lime-salts,  wliich  rapidly  re-1 
forms  after  being  removed.  Even  aft^r  passing  a  current  of  carbon  dioxide 
through  the  fresh  milk  it  does  not  coagulate  on  biiiling.  In  proportion 
as  the  formation  of  lactic  acid  advances  this  behavior  changes,  and  soon  a, 
stage  Ls  reached  when  the  milk,  w^hich  has  previously  had  carbon  dioxide 
passed  through  it,  coagulates  on  boiling.  At  a  secfind  stage  it  coagulates 
alone  on  heating ;  then  it  coagulates  by  passing  carbon  dio.\ide  alone  with- 
out  boihng;  and  lastly,  when  the  formation  of  lactic  acid  is  sufficient »  it 
coagidates  spontaneously  at  the  ordinarj^  temperature,  forming  a  sohd 
mass.  It  may  also  happen,  especially  in  the  warmth,  tliat  the  easein- 
clot  contracts  and  a  yellowish  or  yellowish-green  aciii  liquid  {acid  w^hey) 
separates. 

Milk  may  undergo  various  fermentations.  Lactic-acid  fermentation,  brought 
about  by  Hippb  s  lactir-tirid  barillus,  and  also  other  varieties  take  first  place*^ 
In  the  spontaneous  souriog  of  milk  we  generally  consider  the  formation  of  lactic 
acid  as  the  most  essential  product,  but  a  fornuilion  of  sui-cinic  acid  may  also  take^ 
plaoe^  and  in  certaiji  bacterial  de com |>osit ions  of  milk  succinic  acid  and  no  lactic 
acid  is  formed.  The  materials  from  \^'hi^h  these  two  acids  are  formed  are  lactose 
and  lactophosphocarnic  acid.  Besides  lat^tic  ami  sni'cinic  acids,  volatile  fatty 
acids,  such  as  acetic  acidj  butwic  acid,  and  others,  may  Ijc  fonned  in  the  bacterial 
decomposition  of  milk. 

Milk  sometimes  undergoes  a  |:>eculiar  kind  of  coagulation,  being  converted 
hito  a  thick,  ropy,  slimy  mas^s  (thick  milk).  This  conversion  depends  Uf»nn  a 
|»ccnliar  change  in  which  the  milk-sugar  is  made  to  undergo  a  slimy  transforma- 
tion.   This  transformation  is  caused  by  special  micro-organisms. 

If  the  milk  is  Kterilized  by  heating  and  contact  with  niicro-organismg 
prevented^  the  fomaation  of  lactic  acid  ma}^  be  entirely  stopped.  The 
production  of  acid  may  also  be  prevented,  at  least  for  some  time,  by  many 
antiseptics,  giich  as  salicylic  acjd,  th>miob  boric  acid,  and  other  lH>dies, 
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If  freshly  drawn  amphoteric  milk  is  treated  with  remiet;  it  coagulates 

[  qaickly,  especially  at  the  temperature  of  the  body,  to  a  solid  mass  (curd) 

bom  which  a  yellowish  fluid  (sweet  whey)  is  gradually  pressed  out.    This 

coagulation  occurs  without  any  change  in  the  reaction  of  the  milk,  and 

therefore  it  is  distinct  from  the  acid  coagulation. 

la  cow's  milk  we  find  as  form-dements  a  few  colostrum  corpuscles 
<aee  Oolostrum)  and  a  few  pale  nucleated  cells.  The  number  of  these 
form-elements  is  very  small  compared  with  the  immense  amount  of  the 
loooBt  essential  form-constituents,  the  milk-globules. 

The  Milk-globiiles.  These  consist  of  extremely  small  drops  of  fat  whose 

number  is,  according  to  Woll,^  1.06-6.75  millions  in  1  c.  mm.,  and  whose 

<iiameter  is  0.0024-0.0046  mm.  and  0.0037  mm.  as  an  average  for  different 

iijds  of  animals.    It  is  unquestionable  that  the  milk-globules  contain  fat, 

-^nd  we  consider  it  as  positive  that  all  the  milk-fat  exists  in  them.    Another 

"^feputed  question  is  whether  the  milk-globules  consist  entirely  of  fat  or 

"Whether  they  also  contain  proteid. 

According  to  the  observations  of  Ascherson,'  drops  of  fat,  when 
"dropped  in  an  alkaline  proteid  solution,  are  covered  with  a  fine  albuminous 
^^at,  a  so-called  haptogenr-membrane.  As  milk  on  shaking  with  ether  does 
^ot  give  up  its  fat,  or  only  very  slowly  in  the  presence  of  a  great  excess  of 
^ther,  and  as  this  takes  place  very  readily  after  the  addition  of  acids  or 
alkalies,  which  dissolve  proteids,  it  was  formerly  thought  that  the  fat- 
globules  of  the  milk  were  enveloped  in  a  proteid  coat.  A  true  membrane 
luis  not  been  detected;  and  since,  when  no  means  of  dissolving  the  proteid 
is  resorted  to — ^for  example,  when  the  milk  is  precipitated  by  carbon  dioxide 
-^fter  the  addition  of  very  little  acetic  acid,  or  when  it  is  coagulated  by 
^nnet — the  fat  can  be  very  easily  extracted  by  ether,  the  theory  of  a 
special  albuminous  membrane  for  the  fat-globule  has  been  generally  aban- 
'^oned.  The  observations  of  Quincke  ^  on  the  behavior  of  the  fat-globules 
in  an  emulsion  prepared  with  gum  have  led,  at  the  present  time,  to  the 
^^nclusion  that  each  fat-globule  in  the  milk  is  surrounded  by  a  stratum  of 
Casein  solution  held  by  molecular  attraction,  and  this  prevents  the  globules 
^rom  uniting  with  each  other.  Everj^thing  that  changes  the  physical 
condition  of  the  casein  in  the  milk  or  precipitates  it  must  necessarily  help 
the  solution  of  the  fat  in  ether,  and  it  is  in  this  way  that  the  alkalies, 
acids,  and  reimet  act. 

Storch  has  shown,  in  opposition  to  these  views,  that  the  milk-globules 
are  surrounded  by  a  membrane  of  a  special  slimy  substance.  This  substance 
is  very  insoluble,  contains  14.2-14.79  per  cent  nitrogen,  and  yields  a  sugar^ 

*  On  the  Conditions  Influencing  the  Number  and  Size  of  Fat-globules  in  Cow's  Milk* 
ITisconsin  Expt.  Station,  6,  1892. 
'Arch.  f.  Anat  u.  Physiol,  1840. 
» Pfluger's  Arch.,  19. 
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or  at  least  a  rediicmg  substance,  on  boiling  vdth  hydrochloric  acid.  It  is 
neither  casein  nor  lactalbumin^  but  seems  to  all  appearances  to  be  identical 
with  the  so-called  ^* stroma  substance"  detecteil  by  Radexh-4Usen  and 
Danilewsky,  Storch  was  able  to  show  that  this  substance  enveloped 
the  fat-globules  like  a  membrane  by  staining  the  same  with  certain  dyes.^ 

The  milk'fat  which  Ls  obtained  under  the  name  of  butter  consists 
chiefly  of  olein  and  palmiiin.  Besides  these  it  contains,  as  triglycerides^ 
myrisiic  acidf  stearic  addj  small  amounts  of  laurlc  acid,  arachidic  acid,  and 
dtoxf/simric  acid^  besides  buti/nc  acid  and  caproic  acid,  traces  of  capnjlic 
acid  and  capric  acid;  also  the  presence  of  trdxed  glycerides  (see  Chapter  IX} 
is  not  improbable.  Milk-fat  also  contains  a  small  quantity  of  lecithin  and 
ckolesterin,  and  a  yellow  coloring-matter.  The  quantity  of  volatile  fatty 
acids  ill  butter  is,  according  to  Duclaux,  on  an  average  about  70  p.  ra., 
of  which  Z7-h\  p.  m,  is  butyric  acid  and  20-33  p.  m*  is  caproic  acid.  The 
non-volatile  fat  consists  of  -^f^  olein,  and  the  remainder  is  chiefly  palmitin. 
The  composition  of  butter  is  not  constant,  but  varies  considerably  \mder 
different  circumstances.^ 

The  milk-plasma,  or  that  fluid  in  which  the  fat^globules  are  suspended, 
contains  several  different  proteids;  the  statements  as  to  number  and  nature 
of  which  are  somewhat  at  variance.  Tlie  three  following,  casein,  lactalbumin, 
and  lactglohulm,  have  been  closest  studied  and  are  well  characterized.  The 
milk-plasma  also  contains  two  carbohydrates,  of  which  the  one,  lactose,  is 
of  great  importance.  The  milk-plasma  also  contains  extractive  bodies, 
traces  of  urea,  creatine^  crmtininCj  kypoxanihine  {?),  leciihinf  ckolcsterin, 
citric  acid  (Soxhlet  and  Henkel,  *),  and  lastly  also  mineral  bodies  and 
gases. 

Casein.  Tliis  protein  substance,  winch  thus  far  has  been  detected  pt>si* 
tively  only  in  mdk,  belongs  to  the  nucleoalbumins,  aud  ditTers  from  the 
albuminates  chiefly  by  its  content  of  phosphorus  and  by  its  behavior  with 
the  rennet  enzyme.  Casein  from  cow*s  milk  has  the  foUownig  composition; 
C  53.0,  H  7.0,  N  15.7,  S  O.S,  P  0.85,  and  0  22.65  per  cent.  Its  specific 
rt^tation  is,  according  to  Hoppe-Sevler,*  somewhat  variable;  in  neutral 
solution  it  is  (a}i,  ^  —S(f,  The  question  whether  the  casein  from  different 
kinds  of  milk  is  identical  or  wliether  there  are  several  different  caseins 
is  still  disputeiL 

Casein  when  dr>"  appears  Hke  a  fine  white  powder,  which  has  no  meas- 

*  V,  Storch,  see  Muiy '9  Jahresber.,  27 ;  Radenhauseti  and  Daiiilewsky,  Forschungen 
auf  dern  Gebiete  der  Vielibaltuug  (Bretnen,  18H(I),  Heft  9. 

^  Duclaux,  Compt.  rviid,  1(H,  Yuriuiia  stiitcments  as  to  the  composition  of  milk- 
fat  can  he  foimd  in  Kot*foc<i,  Bull.  d.  I'Aejid.  DaiioLse,  1891,  and  Waiiklyn,  Chemical 
News,  fi3;   Browne,  Chem,  CVntralhl,  1899,  2,  833, 

*  Cite<J  from  F.  SOMner,  Die  Salze  der  Milch,  et«.  Landwirthsch.  Verauchastatiozk, 
8S*     Separatabzug,  18. 

*  Handb.  d.  physiol   \i.  pathol.  chem.  Analyse^  Tt.  Auil  ,  259. 
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urable  solubility  in  pure  water  (Laqueub  and  Sackur).    Casein  is  only  veiy 
sliglitly  soluble  in  the  oidinary  neutral-salt  solutions.    According  to  Arthub 
it  dissolves  rather  easily  in  a  1  per  cent  solution  of  sodium  fluoride,  ammo- 
Biam,  or  potassium  oxalate.    It  is  at  least  a  tetrabasic  acid,  whose  equivalent 
wei^t  is  1135  according  to  Laqueur  and  Sackur  ^  and  whose  molecular 
wei^t  is  four  or  six  times  this.    The  salts  are  split  hydrolytically.    It 
dissolves  readily  in  water  with  the  aid  of  an  alkali  or  alkaline  earths,  also 
cakiiun  carbonate,  from  which  it  expels  carbon  dioxide.    If  casein  is  dis- 
solved in  lime-water  and  this  solution  carefully  treated  with  very  dilute 
phosphoric  acid  until  it  is  neutral  in  reaction,  the  casein  appears  to  remain 
in  solution,  but  is  probably  only  swollen  as  in  milk,  and  the  liquid  contains 
at  the  same  time  a  laige  quantity  of  calcium  phosphate  without  any  pre- 
cipitate or  any  suspended  particles  being  visible.    The  casein  solutions 
Containing  lime  are  opalescent  and  have  on  warming  the  appearance  of 
inilk  deficient  in  fat  (which  is  also  true  for  the  salts  of  casein  with  the  alka- 
line earths).    Therefore  it  is  not  impossible  that  the  white  color  of  the  milk 
is  due  partly  to  the  casein  and  calcium  phosphate.    Soldner  has  pre- 
pared two  calcium  combinations  of  casein  with  1.55  and  2.36  per  cent  CaO, 
and  these  combinations  are  designated  di-  and  tricalcium  casein  by  Cou- 

HANT.* 

Casein  solutions  do  not  coagulate  on  boiling,  but  are  covered,  like  milk, 
with  a  skin.  They  are  precipitated  by  very  little  acid,  but  the  presence  of 
neutral  salts  retards  the  precipitation.  A  casein  solution  containing  salt  or 
ordinary  milk  requires,  therefore,  more  acid  for  precipitation  than  a  salt- 
free  solution  of  casein  of  the  same  concentration.  The  precipitated  casein 
dissolves  very  easily  again  in  a  small  excess  of  hydrochloric  acid,  but  less 
easily  in  an  excess  of  acetic  acid.  These  acid  solutions  are  precipitated  by 
mineral  acids  in  excess.  Casein  is  precipitated  from  neutral  solutions  or 
from  milk  by  common  salt  or  magnesium  sulphate  in  substance  without 
changing  its  properties.  Metallic  salts,  such  as  alum,  zinc  sulphate,  and 
copper  sulphate,  completely  precipitate  the  casein  from  neutral  solutions. 

On  drying  at  100°  C,  casein,  according  to  Laqup:ur  and  Sackur,  decom- 
poses and  splits  into  two  bodies.  One  of  these,  called  caseid,  Ls  insoluble 
in  dilute  alkalies,  while  the  other,  the  isocasHn,  is  soluble  therein.  The  Lso- 
casein  is  a  stronger  acid,  and  has  other  precipitation  limits  and  a  somewhat 
lower  equivalent  weight  than  the  casein. 

The  property  which  Is  the  most  characteristic  of  casein  is  that  it  coagu- 
lates with  rennet  in  the  presence  of  a  sufRciently  great  amount  of  lime  salts. 

*  Laqueur  and  Sackur,  Hofmeister's  Beitrage,  3;  M.  Arthus,  Theses  present<$es 
k  la  faculty  des  sciences  de  Paris,  1 893. 

*  Soldner,  Die  Salze  der  Milch,  etc. ;  Courant,  1.  c.  In  regard  to  the  salts  of  casein 
Bee  the  investigations  of  Soldner,  Maly's  Jahresber.,  25,  and  J.  Ilohniann,  Beriin  klin. 
Wochenschr.y  1895.     See  also  Raudnitz,  Ergebnisse  der  Physiol.,  2,  Abt.  I. 
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In  solutions  free  from  lime  salts  the  casein  does  not  coagulate  with  rennet, 
but  it  m  changed  so  that  the  solution  (even  if  the  enzyme  is  destroyed  by 
heating)  yiekls  a  coagulated  mass,  having  the  properties  of  a  card,  if  lime 
salts  are  ackled.  The  rennet  enzyme,  rennin,  has  therefore  an  action  on 
caaein  even  in  the  absence  of  lime  salts,  and  these  last  are  only  necessary 
for  the  coagulation  or  the  separation  of  the  curd.  This  fact,  which  was 
first  proved  by  Hamm^uisten,  was  later  confirmeil  by  Arthus  and  PAGlia 
and  recently  closely  studiwl  by  Fuld.* 

The  curd  formed  on  the  coagulation  of  milk  contains  large  quantities  of 
calcium  phosphate.  According  to  Soxhlet  and  Soldner,  the  soluble 
lime  salts  are  of  essential  importance  only  in  coagidation,  wliile  the  calcium 
jihosphate  Is  without  importance.  According  to  Courant  the  calcium 
casehi  on  coagulation  may  carry  down  with  it,  if  the  solution  contains 
ill  calcium  phosphate,  a  part  of  this  as  tricalcium  phosphate,  leaving  mono- 
calcium  phosphate  in  the  solution.  We  are  nt>t  tjuite  clear  as  to  the  impor- 
tance of  the  lime  salts  for  the  rennin  coagidation  and  the  views  are  still 
fioraewhat  variable  on  this  rjuestion.  The  same  is  true  for  the  chemical 
processes  going  on  in  rennin  coagidation.  If  one  makes  tise  of  a  pure  solu- 
tion of  casein  and  as  pure  rennin  as  possible  after  coagulation,  it  is  always 
found  that  the  filtrate  contains  very  small  amounts  of  a  proteid,  the  whey- 
jrrotcidj  which  has  other  pro[>ertJes  and  a  lower  content  of  nitrogen  (13.2  per 
€ent  N,  KosTER  -),  than  the  casein.  The  chief  portion  of  the  casein,  some- 
times given  as  more  than  90  per  cent,  separates  on  coagulation  as  a  body, 
the  ]xiracasein  (or  curd),  which  is  closely  related  to  casein.  The  questioa 
whether  a  cleavage  of  the  casein  takes  place  here  is  still  unsettled.  The 
paracasein  *  h  not  further  changed  by  the  rennet  enzyme,  and  it  has  not 
the  property^  to  the  same  extent,  of  holding  calcium  phosphate  in  solution 
as  casein  has,* 

In  the  digestion  of  casein  with  |>epsiii-li yd ro chloric  acid  priiuarily  a 
phosphorized  proteose  is  formed  from  which  then  the  pseudonucJein  is 
split  off  (Salkovvski).     The  quantity  thus  split  off  is  very  variable^  as 


*  See  Maly  's  Jahrosber, ,  2  and  4 ;  also  Hammamten,  Xur  Kenntnisa  des  Kaseins  und 
der  Wirkung  dew  Lflhfemientrs.  Ntna  Acta  Reg.  Soc.  Sc'ient.  I'psala,  1877.  Fest- 
Hfhnft;  Zoilsrhr.  f.  physiol  rhem..  22;  Arthii3  et  Pagds,  Arch,  do  PhysioL  (r%),  2,  and 
M^^'m.  Soc.  Iiiol,,  43;  Kuki  Hofm<Mster*s  BeitriiRe,  2,  and  Ergehnisse  der  Physiol.,  1, 
Abt*  I»  whf^r^  ft  good  review  of  the  literature  may  be  fouod. 

*  Sec  Maly*s  Jahresber.,  It. 

'It  has  Ktfn  recently  proposed  to  desiejinte  the  ordinar^^  casein  as  caseinogrn  and 
the  curd  as  casern,  Alt hu ugh  such  a  pni|x*dition  is  the<3retictUly  correct,  it  lead^  in 
practice  In  con  fusion  On  tliia  account  the  nnfhor  calls  the  curd  paracaaein,  according 
to  Schube  and  lime  (Landwirthscli-  Versuclisstat.,  31). 

*  In  regard  to  recent  work  on  the  coagulation  of  milk,  we  must  mention  Hilhiumn, 
Milchxeitungt  25;  Benjamm,  Mrchow*i*  Arch  ,  14»;  and  Lorcher,  Pfl  tiger  *s  Arch  .  1^^; 
Tula,  I.  c, 
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shown  by  the  researches  of  Salkowskt,  Hmix,  I^InRArzEWSKi  and  Sebe- 
LiEN.^  The  amount  of  phosphorus  in  the  pseudtinucleiiLs  nbtained  als>{3 
varies  considerably.  According  to  Salkowski  the  quantity  of  the  pseu- 
doauclein  .s[>!it  off  is  dependent  upon  the  reUitiorLship  between  the  casein 
and  tUgestion  fluids  e.".,  the  quantity  of  the  pseudonucleius  dimiaiiihes  as 
the  pepsin-hydmchloric  acid  increases.  In  the  presence  of  500  grams  of 
pepsin-hydrochloric  acid  to  1  gram  of  casein  Salkcavski  dige.ste<l  the  liitter 
completely  without  obtaioing  any  pseudonuelein. 

In  peptic  as  well  as  tr>^ptic  digestion  a  part  of  the  organic  phos- 
phorus is  split  off  as  orthophosphoric  acid,  the  quantity  increasing  as 
the  digestion  progresses.  Another  part  of  the  phosphorus  is  retained  iti 
oi^anic  combination,  in  the  proteoses  m  well  as  m  the  true  peptone  (SAii- 

KOWSKI,   BlFFI,  AlKXAXDER  '). 

From  the  pni^hicLs  of  peptic  digestion  of  casein,  after  the  separation  of 
the  pse\idonuclein,  ^?alkow\ski  '  has  iBolate<i  an  acid  rich  in  phosphorus. 
He  calls  this  paramtdeic  and.  It  is  soluble  in  water ,  insoluble  in  alcohol, 
lfpvonjtat(jr}^,  and  has  the  following  coniiKKsition:  C  42.51-42.96,  H  6.97-7.09, 
N  13.25-13.55,  and  P  4.05-4.31  per  cent.  The  acid  diffei^  frr>m  the  nucleic 
aeids  in  that  it  gives  the  biuret  test  and  a  faint  xanthoproteic  reaction. 
Presupposing  its  purity  it  is  not  an  acid  comparable  to  the  nucleic  acids. 

Casein  may  he  prepared  in  the  following  way:  The  nulk  is  dikited  with 
4  vols-  of  water  and  the  mixture  treate<l  ^vith  acetic  acid  to  0.75  in  1  p.  m. 
Casein  thus  (jl>taine<i  is  purified  by  repeatedly  dissolving  in  water  with  the  aid 
of  the  smallest  fpiantity  of  alkali  possilde,  by  filtering  and  repreripifaiin.tj 
with  acetic  acid  and  thoroughly  washin^j:  T^Hth  water.  Most  of  the  milk-fat 
is  retainetl  by  the  filter  on  the  first  filtration »  and  the  casein  contaniinaled 
with  trac42s  of  fat  is  purifietl  by  treating  with  alcohol  and  ether. 

Lactoglobulin  was  obtained  by  Sebelien  from  cow's  milk  by  saturating 
it  wdth  NaG  in  snbstance  (which  precipitate<l  the  casein)  and  saturating 
the  filtrate  with  magnesium  t^ulphate.  As  far  as  it  has  been  invest igate<J  it 
had  the  properties  of  serglobulin;  the  globulin  iscdated  by  Tiemaxn  *  from 
colostrum  had  nevertheless  a  markerlly  loiv  content  of  cart)on,  namely^ 
49.83  prr  cent. 

Lactalbinnin  was  first  prepared  in  a  pure  state  from  milk  by  Sebelien. 
Its  cotnpusition  is,  according  to  him.  C  52.19,  H  7.18,   N  15.77,  8  1.73^ 


*  Salkowski,  Zeitschr  f.  physiol.  Chem,  27;  Salkowski  and  Hahn,  Pfl  user's  Arch*, 
SO;  iSalkowaki,  ibid.^  63;  v.  Moriiczewski,  Zeitschr  t  pli>^ioL  Chem.,  21);  SebeHen, 
ibid.,  20. 

"Salkowski,  L  c. ;  Biifn  Virchow'a  Arch.,  152;  Alexander,  Zeitschr.  t.  physioL 
Chem.,  1^5. 

'  Zeitschr.  f   physiol  Chem,,  32. 

*  Ibid.,  25. 
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O  23.13  per  cent.  Lactalbumin  has  the  properties  of  the  albumins,  aadit 
cn'stallizes  according  Uy  'Wichmass  '  in  forms  similar  to  ser-  or  ovalbmm 
It  coa^iJates,  according  tt^  the  concentration  and  the  amount  of  salt  b  solu- 
tion, at  72^^-84*^  C.  It  is  similar  to  seralbumin,  but  diflFers  from  it  in 
having  a  considerably  lower  specific  rotator}-  power:  (a)^^  —37°. 

The  principle  of  tlie  preparation  of  lactalbumin  is  the  same  a*^  for  the 
preparation  of  seralbumin  from  serum.  The  casein  and  the  globulin  are 
remo%'ed  by  MgSO^  in  substance  and  the  filtrate  treated  as  previously  stated 
(page  153). 

The  occurrence  of  other  proteld^,  such  as  proteones  and  pepUynes,  in  milk  ^ 
not    Ijeeti   positiv*ely  proved.      These  bodies  arc   easily  produred  as  hibfjratot^ 
products  from    the   other  proteids  of  the  milk,     Sufh  a  laboratory  iiroduct  ^ 
Muxon's  and  Comaille's   liwiopnyiem^  whieh   is  a  mixture   of   a    little   cji^^^ 
with  changed  albumin,  and  proteose /•  which  is  formed  by  chemical  action.       *^ 
regard  to  opalisin,  see  Humau  Milk,  p.  452. 

Milk  also  contaiiLS,  according  to  SiEGFRrED,'  a  nucleon  related  to  pl*^'^ 
phorarnic  acid,  and  which  yields  fermentation  lactic  acid  (instead  of  pa. 
lactic  acid)  and  a  sjiecial  carnic  acid,  onjlic  acid  (instead  of  muscle  carT^^' 
acid) J  as  cleavage  products.  Lactophosphocarnic  acid  may  be  precipitate^ 
as  an  iron  combination  from  the  milk  freed  from  casein  and  CMJagukfcF^^ 
proteids  as  well  as  from  earthy  phosphates. 

Milk  also  contains  eniipne^  of  various  kinds.  Of  these  we  must  mentioB 
catnlme,  Sxidtises,  and  perozldiweSf  which  occur  in  the  various  varieti^  (J 
milk  in  different  amounts.  Thus,  for  example,  human  milk  containa  sidbD 
amoimts  of  oxidases  and  peroxidases,  while  row's  milk,  on  the  contrary,  is 
richer  in  catalase.  An  enzyme  having  a  saecharifying  action  seems  to  occur 
in  human  milk,  but  is  absent  in  cow's  milk.  Human  milk, as  well  as  oow^s 
milk,  contains  a  lijmse  w^hich  has  the  property  at  least  of  acting  upon  mono- 
butyrin.  Babcock  and  Russel  *  have  found  in  these  two  kintls  of  milk, 
as  well  as  certain  others,  a  proteolytic  enzyme  which  they  call  galaciasi 
and  which  is  allied  to  tr\i)sin,  but  differs  therefrom  in  that  it  develops 
ammonia  from  milk  even  m  the  early  stages  of  digestion. 

Lactose,  MiLK-stroAR,  CijH^s^^u+HaO.  This  sugar»  on  hydrolysis,  can 
be  split  into  tw*o  hexoses,  dextrose  and  galactose.  It  yields  mucic  acid, 
besides  other  organic  acids,  by  the  action  of  dUute  nitric  acid.  Iwevulinic 
acid  is  foraiet!,  besides  formic  acid  and  humin  substances,  by  the  stronger 
action  of  acids.  By  the  action  of  alkahe^  amongst  other  products  w^e  find 
lactic  acid  and  p\Tocatechin, 

»  Sebelien,  Zeitschr^  f.  physiol.  Chera.,  fi;  Wichmaan,  ibid,,  27. 

'See  Htimraarst^n,  Malv'j*  Jahn^sber,  ti,  13. 

'Zeltschr   f.  physial  Chem.,  21  mid  22. 

•Ceotralbl  f.   Bakt,  u.   Pnrasiteiik.   (II),  fi|  and  Maly's  Jahresber,  Xl.     Sm 
Jolles,  Zeitachr.  f.  Biologie,  45,  and  especiaUy  Raudnita,  Ergebnisee  der  Physiol, 
Abt.  1. 
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Mnk-sugar  occurs,  as  a  rule,  only  in  milk,  but  it  has  also  been  found  in 
Ibe  urine  of  pregnant  women  on  stagnation  of  milk,  as  well  as  in  the  urine 
after  partaking  of  large  quantities  of  the  same  sugar. 

Lactose,  of  which,  according   to  Tanret,^  there  are  three  modifica- 
tions, occurs  ordinarily  as  colorless  rhombic  crystals  with  1  molecule  of 
vater  of  crj'stallization,  which  is  driven  off  by  slowly  heating  to  100*^  C, 
but  more  easily  at  130-140°  C.    At  170°  to  180°  C.  it  is  converted  into  a 
brown  amorphous  mass,  lactocaramel,  C^^O^.    On  quickly  boiling  down 
a  milk-sugar  solution,  anhydrous  milk-sugar  separates  out.     Milk-sugar 
f     cKssolves  in  6  parts  cold  or  in  2.5  parts  boiling  water;  it  has  a  faintly  sweet- 
ish taste.    It  does  not  dissolve  in  ether  or  absolute  alcohol.    Its  solutions 
'ftre  dextrogyrate.    The  rotatory  power,  which  on  heating  the  solution  to 
loo®  C.  becomes    constant,  is  (a)„  «= -h  52.6°.     Milk-sugar  combines  with 
^ases;  the  alkali  combinations  are  insoluble  in  alcohol. 

Milk-sugar  is  not  fermentable  with  pure  yeast.    It  undergoes,  on  the 

^^ntrary,  alcoholic  fermentation  by  the  action  of  certain  schizomycetes,  and 

^^cording  to  E.  Fischer  '  the  milk-sugar  is  first  split  into  dextrose  and 

galactose  by  an  enzyme,  lactase,  existing  in  the  yeast.    The  preparation  of 

Xnilk-wine,  ''kumyss,"  from  mare's  milk  and  "fcepAir"  from  cow's  milk  is 

Tweed  upon  this  fact.    Other  micro-oiganisms  also  take  part  in  this  change, 

causing  a  lactic-acid  fermentation  of  the  milk-sugar. 

Lactose  responds  to  the  reactions  of  dextrose,  such  as  Moore's, 
Trommer's,  and  Rubner's,  and  the  bismuth  test.  It  also  reduces  mer- 
curic oxide  in  alkaline  solutions.  After  warming  with  phenylhydrazine 
acetate  it  gives  on  cooling  a  yellow  crystalline  precipitate  of  phenyl- 
lactosazone,  C^K„^fi^.  It  differs  from  cane-sugar  by  giving  positive 
reactions  with  Moore's  or  Trommer's  and  the  bismuth  test,  and  also  in 
that  it  does  not  darken  when  heated  with  anhydrous  oxalic  acid  to  100°  C. 
It  differs  from  dextrose  and  maltose  by  its  solubility  and  crystalline 
form,  but  especially  by  its  not  fermenting  with  yeast  and  by  yielding  mucic 
acid  with  nitric  acid. 

The  osazone  obtained  with  phenylhydrazine  acetate  which  melts  at  200° 
C.  differs  from  the  other  osazones  by  being  inactive  when  0.2  gram  is  dis- 
solved in  4  c.  c.  of  pyridine  and  6  c.  c.  of  absolute  alcohol  and  viewed 
through  a  layer  10  centimeters  long  (Neuberg  '). 

For  the  preparation  of  milk-sugar  we  make  use  of  the  by-product  in  th? 
preparation  of  cheese,  the  sweet  whey.  The  proteid  is  removed  by  coagula- 
tion with  heat,  and  the  filtrate  evaporated  to  a  syrup.  The  cr\'stals  which 
separate  after  a  certain  time  are  recrj^stallized  from  water  after  decolorizing 
with  animal  charcoal.    A  pure  preparation  may  be  obtained  from  the  com- 

»Bull.  Soc.  chim.  (3),  13. 

'  Ber.  d.  d.  chem.  Gesellsch.,  27. 
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mercial  milk*sugar  by  repeated  recn^tallizatioTi.  The  quantitative  estima- 
tion  of  miik-sugar  may  in  part  be  perfDrmi?ii  by  the  polaristroboineter  and 
partly  by  means  of  titration  with  Fehlino's  solution.  Ten  c.  c.  of  Feh- 
LiX(J*8  solution  correspond  to  0iK)76  grann>f  milk-sugar  in  0.5-L*5  percent 
fioKition  after  boiling  for  six  minute^^.  (In  regard  to  Fehling's  solution  acd 
the  titration  of  sugar  see  Chapter  X\\) 

RiTTHAC^^EN  hns  fouiitl  another  carbohydrate  in  milk  which  is  soluble  in  water, 
non-crystallizable,  which  has  a  faint  re^ducing  action,  and  which  yields  on  boiling 
with  ail  acid  a.  body  having  a  greater  reducing  power.  Landwbhr  coMidere 
this  as  animal  gum,  and  Bechamp  ^  as  dextrin. 

The  mineral  bodies  of  milk  will  be  treated  in  conneetion  with  its  quanti- 
tative composition. 

The  methods  for  the  quantitative  analysis  of  milk  are  very  numerous, 
and  as  they  cannot  all  be  treated  here,  we  will  give  the  chief  points  i>f  ^ 
few  of  the  methods  considered  most  trustworthy  and  most  frequ^atly 
employed. 

In  determining  the  soUds  a  carefully  weighed  quantity  of  milk  k  Diixed 
with  an  e<^iual  weight  of  heated  quartz  sand,  fine  glass  powder,  or  asbestos. 
The  evaporation  is  first  done  on  the  w-ater-bath  and  finishe<]  in  a  current  of 
carbon  di<jxide  or  hydrogen  not  above  100^  C. 

The  mbiaxd  bodirs  are  determined  by  incinerating  the  milk,  iL<ing  the  pre- 
cautions mentioned  in  the  text-books.  The  results  obtained  for  the  phosphoric 
acid  are  incorrect  on  account  of  the  burning  of  phosphorized  b*3tli€s,  such  as 
casein  and  lecithin.  We  must  therefore,  according  to  Soldnkr,  subtract 
25  per  cent  from  the  t^Jtal  phosphoric  acid  found  in  the  milk.  The  quantity 
of  sulphate  in  the  a-sh  also  ilepends  on  the  combustion  of  the  |)roteidfi. 

In  the  determination  of  the  total  atnounl  of  protetds  RiTTHArsEN'^S 
method  is  emi>loyed,  nam<*ly,  precipitate  the  niilk  with  eoi}[>er  sulphate 
according  to  the  modification  siiggestetl  by  Munk.'  He  prt^cipitates  all 
the  protcids  by  means  of  cupric  hydrate  at  lioiling  heat,  and  determines  the 
nitrogen  in  the  precipitate  by  means  of  Kjeldahl^s  method.  Tills  modi- 
fication gives  exacter  result^s. 

The  older  method  of  PuL8  and  Stenbekg,  where  the  precipitant  is 
alcohol,  is  too  coniplrcate^l  anil  not  sufficiently  reliable.  Sebelien  has 
suggested  a  very  good  method.  Three  to  four  grams  of  milk  are  diluted 
wnth  an  equal  volume  of  water,  a  little  common-salt  solution  added,  and 
precij>itated  with  an  excei3S  of  tannic  acid.  The  precipitate  is  washed  with 
cold  water,  and  then  the  quantity  of  nitrogen  determined  by  Kjeldahl's 
niethn  L  The  total  nitrogen  fontid  when  multiplie<l  by  6,37  (casein  and 
lactalb'jmin  contain  both  15.7  per  cent  nitroiren)  gives  the  total  quantity  of 
prnteids.  This  method,  whwh  h  readilv  performetL  gives  ver\^  good  re^ilt^. 
T,  ^Ii^^K  used  this  method  in  the  analysis  nf  woman's  milk.  In  this  case 
the  quantity  of  nitrogen  foimd  must  be  niultip!ie<l  by  6.34.  0,  Stmon  '  has 
found  that  the  precipitation  with  tannic  acid,  also  w^'th  phosphotun^stic 

*  Ritthausrn,  Joum.  f,  firakt  Chem.  (N.  F),  15;  Landwehr,  foot-note  4,  p.  51 ; 
Bechamp*  Pull,  soc,  chim.  (3).  6, 

*  Hitthauscn.  1.  r. :  L  Munk,  Virrhow's  Arch.,  134. 

'Puis.  Pfliifier's  Arch.,  13;  StcnViercr,  Maly'a  Jabresber,  7[  Sebelten.  Zeitachr.  f. 
physiol-  Chem..  13:  Simon,  ibid,  33. 
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Ecid,  is  the  simplest  and  most  accurate.  The  objection  to  this  and  other 
methods  where  the  proteids  are  precipitate*],  is  that  perhaps  other  bodies 
(extractives)  may  be  carried  down  at  the  same  time  (Camerer  and  tSoLD- 
NER  *).    It  is  vmdecidetl  to  what  extent  this  takes  place. 

A  part  of  the  nitrogen  in  the  milk  exists  as  extractives,  and  this  nitrogen  ig 
calculated  as  the  difference  tietwecn  the  total  nitrogen  and  the  protein  mtrogen. 
According  to  Munk  s  anulyseji  about  y^^  of  the  total  nitrogen  belongs  to  the  ex- 
tractives in  cow's  milk%  and  /f  in  woman's  milk.  Camerer  and  Sildnke  deter- 
mine the  nitrogen  in  the  liltrate  from  the  tannie-acid  precipitate  by  Kjeldahl's 
method,  and  also  according  to  Hufnkh's  method  (hyi^>obromitc).  In  this  way 
they  found  IS  milligrams  of  nitrogen  according  to  Hufner  (urea,  etc.)  in  100 
grams  of  cow's  milk. 

To  determine  the  cmein  and  alhimin  separately  we  may  make  use  of 
the  method  first  siiggeste<:l  b\^  H^pfe-Seylkr  and  Tulmatscheff,^  in 
which  the  casein  is  precipitate*!  by  magnesium  sulphate.  According  to 
Sebelien,  the  milk  is  dilutetl  with  its  own  volume  by  a  saturatal  mag- 
nesium-tsulphatc  solution,  then  saturateil  with  the  salt  in  snbstauce,  and 
the  precipitate  then  filtered  and  Wiii^hed  witli  a  satiiratetl  magnesinin- 
suJi>hate  solution.  The  nitrogen  is  determineci  in  tlie  precipitate  by  Kjkl- 
dahl's  method,  and  the  qnantity  of  casein  (+ globulin)  deternnned  by 
niultii>lying  the  result  by  6.37.  The  cpiantity  of  lactalbunun  may  be  cal- 
culatal  as  the  difference  between  the  caseiji  and  the  total  proteids  fmmd. 
The  lactalbnmin  may  also  be  precipitatccl  by  tannic  acid  from  the  filtrate 
from  tlie  casein  precipitate  containing  MgS(>|,  after  diluting  with  water,  and 
the  nitmgen  determineci  by  Kjeldahl's  method  and  the  result  innlti- 
phcil  by  6.37. 

Schlossmann  ^  suggests  an  alum  gohition,  which  precipitates  the  casein. 
In  order  to  separate  tlie  casein  from  the  other  prtiteids,  tlie  albumin 
can  be  j)reci|jitaled  from  the  filtrate  by  tannic  aciLl.  The  iJiecipitate  is 
used  to  determine  tlie  nitrogen  by  Kjeldahl'.s  method.  Tliis  methotl  has 
recejxtly  been  tested  by  Simon  and  he  recommends  it  highly. 

The  fat  Ls  gravdmetrieally  determined  by  thoroughly  extracting  the 
drietl  milk  with  ether,  evaporating  the  ether  from  tlie  extract,  and  weighing 
the  residue.  The  fat  may  be  determined  by  aero  metric  means  by  adding 
alkali  to  the  milk,  shaking  T;\ith  ether,  and  determining  the  specific  gravity 
of  the  fat  solution  by  means  of  8oxh let's  apparatus.  In  determining  the 
amount  of  fat  in  a  large  numl>er  of  samples  the  lactocrit  of  De  Laval  may 
be  usel  with  success.  Tlie  milk  is  first  mixe<l  witli  an  equal  volume  of  a 
mixture  of  glacial  acetic  and  concentrated  sulphuric  acid,  warmed  IS 
minutes  on  ilit'  wa  er-bath,  and  the  mixture  pouied  in  graduated  tubes, which 
are  |ilaced  in  the  centrifugal  machine  at  50*^  C.  Tlie  Iieight  of  the  layer  of 
fat  givers  its  cjuantity.  The  numerous  and  verv  exact  analyses  of  Nilson* 
have  Fhown  that  with  milks  containing  small  quantities  of  fat,  below  1.5 
per  cent,  the  older  corrections  are  unnecf*ssary%  and  that  this  method  gives 
excellent  results  if  we  use  lactic  acid  treated  with  5  per  cent  hydrochloric 


*  Zeiti^chr.  f.  Biologie,  S3  and  3<t. 

'  Hoppe-Seyler,  Med.-i-hem.  rutersuch.,  272, 

'  Mtschr.  f,  physiol,  CliPin.,  22. 

*See  Maly'd  Jahresber.,  21. 
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acid  instead  of  the  ftlx>ve  mixture  of  glacial  acetic  acid  and  sulphuric  acid. 
There  are  numerous  other  methods  for  estimating  milk*fat  but  they  eannol 
l>e  eoiLsidered  here. 

In  determining  the  miIk'Sii§ar  the  proteids  are  first  removed.  For 
this  purpot^e  we  precipitate  either  with  alcohol,  which  must  be  evaporated 
from  the  filtrate,  or  by  dUuting  ^itli  water,  ami  removing  the  cajscin  by 
the  addition  uf  a  little  ac  d,  and  tiie  lactalbumin  by  coagulation  at  boiling 
heat.  Tlie  sugar  is  dctenniiieii  by  titration  with  Fehling's  or  Knapf^ 
sohition  (see  Chapter  X\),  The  principle  of  the  titration  is  the  same  as  for 
the  titration  of  sugar  in  the  urine:  10  c,  c.  of  Fehlixg's  solution  oorrespud 
to  0,0676  gram  of  milk-sugar;  10  c.  c.  of  Knapp\s  solution  correspondto 
0.031 1-0.0310  gram  of  milk-sugar,  when  the  saccharine  liquid  contains  about 
i-1  per  cent  of  sugar.  In  regard  to  the  modus  operandi  of  the  titration  we 
must  refer  the  reader  to  more  complete  w^orLs  and  to  Cliapter  XY. 

Instead  of  these  volumetric  determinatioas  other  methods  of  estira** 
tion,  such  as  Allimn's  method,  the  polariscope  method,  and  others,  may 
be  tised.  In  calculating  the  analysis  or  in  determining  the  sohds  it  l^  ol 
importance  to  remember,  as  susgeste<l  by  Cameher  and  Soldner,  tliat  the 
milk-sugar  in  t!ie  residue  Is  anh}'drous.  Many  other  methotis  for  determiB- 
ing  the  milk-sugar  have  been  su^ested  and  recommended* 

The  quantilative  compo^ilion  of  cow^s  milk  is  naturally  very  variable* 
The  average  obtained  by  Konig  *  is  as  follows  in  1000  parts: 


Water. 
871.7 


Solida. 
128.3 


Caoein. 

30.2 


Albumin. 
5.3 


Fata. 
36.9 


35,5 


The  quantity  of  mineral  bodice  in  1000  parts  of  cow's  milk  is,  according 
to  the  analyses  of  ^ldxer,  as  follows:  K^O  1.72,  N%0  0.51,  CaO  LM, 
MgO  0.20,  PjOj  1.82  (after  corre<*tion  for  the  pseudonuclein),  CI  0.98  grams, 
EuxGE  ^  found  0.0035  gram  Fe^Oj.  According  to  Soldxer,  the  K,  Na, 
and  CI  are  found  in  the  same  quantities  in  whole  milk  as  in  milk-eeninu 
Of  the  total  phosphoric  acid  3<>-56  per  cent  and  of  the  lime  53-72  per  cent 
is  not  in  solution.  A  part  of  tliis  lime  is  combined  with  the  casein;  the 
remainder  is  found  united  with  the  phosphoric  acid  as  a  mbcture  of  dical- 
ciiun  and  tricalcium  phosphate,  which  is  kept  dissolved  or  suspended  by  the 
casein.  The  base^  are  in  excess  of  the  mineral  acid^j  in  the  milk 
The  excess  of  the  first  is  combined  with  organic  acids p  which  coi 
to  2.5  p.  m.  citric  acid  (Soldner). 

The  gases  of  the  milk  consist  cliiefly  of  CO^,  besides  a  little  N  and  trsees 
of  0.  Pfluger  '  found  10  vols,  per  cent  COj  and  0.6  vol.  per  cent  N 
calculateil  at  O'^  C.  and  760  mm.   pressure. 

The  variation  in  the  composition  of  consi-'s  milk  depends  on  several 
circmnstances, 


*  Chemie  der  tnenschlidien  Nahrunga-  udiI  Genviasmittel,  4.  Aufl, 

*  Zeitschr.  f.  Biologic,  10. 
■  Pfluger 'b  Afck,  1 


COLOSTRUM, 


449 


The  colostrum,  or  the  milk  which  is  secreted  before  calving  and  in  the 
first  few  days  after,  is  yellowish,  sometimes  alkaline,  but  often  acid,  of 
higher  specific  gravity,  1.04&-1.080,  and  richer  in  stilids  than  ordinary 
milk.  The  colostrum  contains,  besides  fat-globules,  an  abundance  of 
colostrum-corpuscles — nucleated  granular  cells  0.005-0.025  mm.  in  diam- 
eter vnXlk  abundant  fat^-granules  and  fatr-globules.  The  fat  of  colostnim 
has  a  somewhat  liigher  melting-point  and  is  poorer  in  volatile  fatty  acids 
than  the  fat  from  ordinal'  milk  (Nilson  *).  The  quantity  of  cholesterin  and 
lecithin  is  generally  greater.  The  most  apparent  ilifiference  Ijet^veen  it 
and  ordinary'  milk  is  that  colostrum  coagulates  on  heating  to  boiling  because 
of  the  absolute  and  relatively  greater  ciuantities  of  globulin  and  albumin 
it  contains?  The  composition  of  colostrum  is  very  variable.  K5nig  gives 
as  average  the  following  figures  in  1000  parts: 

Water.  Solida.  Quein.    Albumin  luid  Globulin.      F&t.  Sucar.  Salts. 

74a:7  253.3  40.4  136.0  35.9  26.7  16.6 

The  influence  which  food  exercises  upon  the  composition  of  milk  will 
be  discussed  in  connection  with  the  chemistry'  of  the  milk  secretion^ 

In  the  following  table  is  given  the  average  composition  of  skimmed  milk  and 
certain  other  preparations  of  milk: 

Wat«r.  Froteida.  Fftt.  Sagar.  L»Gtio  Add  Salts. 

Skimmedmilk 90e.6  31.1  7.4  47,5        .,.        7.4 

_          Cream.. 655.1  36.1  267.5  35,2         ...         6.1 

Buttemiilk 902.7  40.6  9.3  37.3        3.4        6.7 

Whey 932,4          «.5  2  3  47  0        3.3        6.5 

KuMYSS  and  kephir  are  obtained,  as  above  stated,  by  the  alcoholic  and  lactio- 
acid  fermentation  of  the  milk-«ugar,  the  first  from  mare's  milk  and  the  last  from 
cow's  milk.  Large  quantities  of  caH>on  dioxide  are  formed  thereby^  and  l>e8ideB 
the  ]>roteid  bodies  of  the  milk  are  parlh'  converted  into  proteoses  and  jwptones, 
Avhich  inereaije  the  digestibihty.  The  quantity  of  laetic  acid  in  these  preparations 
may  be  iibont  10-20  p.  ni.     The  quantity  of  alcohol  varies  from  10  to  35  p.  m. 

Milk  of  otiier  Animals.  Goat's  milk  has  a  more  yellowish  color  and  another 
more  sixjrific  odor  than  cow's  milk.  The  coagulura  obtaineil  by  acid  or  rennet 
is  more  solid  m\A  is  harder  than  that  from  cow's  milk.  Sheep's  milk  is  similar 
to  goat's  milk,  but  has  a  higher  specific  gravity  and  contains  a  greater  amount 
of  sotids. 

Mare's  milk  is  alkaline  and  contains  a  casein  which  is  not  precipitated  by 
acids  in  lumps  or  solid  masses,  but,  like  the  casein  from  woman's  milk,  in  fine 
flakes.  This  casein  is  only  incompletely  precipitated  liy  rennets  and  it  is  very 
similar  also  in  other  respects  to  the  rascin  of  human  milk.  According  to  Beil/ 
the  casein  from  marc's  and  cow's  milk  is  the  same,  and  the  different  liehavior 
of  the  two  varieties  of  milk  is  due  to  different  amounts  of  salts  and  to  a  different 
relation  between  the  casein  and  the  albumin.  The  milk  of  the  ass  is  claimed 
by  older  authorities  to  be  similar  to  human  milk,  but  Schlossuan^n  finds  it  con- 

^  Nilson,  1.  c. 

*3ee  Sebelien,  Maly's  Jahresber.,  LS,  and  Ttemann,  Zeitscbr.  f.  phvsioL  Chein.» 
2S.    See  also  Simon,  \h}d.^  33. 

"  Studien  iiber  die  Eiweiasstoffe  des  Kumys  und  Kefirs.  St.  Petersbui^,  1886, 
(Ricker  ) 
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sklerably  p<wrer  in  fat.    The  researches  of  Ellexberger  give  similar 
atid  show  great  similarity  between  ass's  milk  and  human  miJk-     The  ave 
results  were  15  p.  in.  protcid  with  5,3  p.  m.  albumin  and  9,4  p.m.  casein, 
latter^  like  human  casein,  do*^d  not  yield  any  ii^^udonucieio  on  pepsin  digesliaii?^ 
The  quantity  of  nucleoli  \wi\^  abjut  the  same  a.*^  in  woman's  milk.     The  quantitf 
of  fat  wa.s  15  j>.  m.^  and  the  augar  was  50-00  p.  m.     Reindeer  milk  characteriaei 
itself,  according  t^  Werenskjold,*  by  being  very  rich  in  fat,  144.G-107.3  p.m., 
and  ca.sein,  80J>-S(>.9  p.  m. 

The  milk  of  cahnivoelv  (the  bitch  and  cat)  is  acid  in  reaction  and  ver)^  nd 
in  solids.     The  composition  of  the  milk  of  these  animals  varies  T\ith  the  C()mpo*J 
sit  ion  of  the  food. 

To  illustrate  the  composition  of  the  milk  of  other  animals  the  following  fiijurej,"^ 
the  compilation  of  Konto,  are  given.     As  ih^  milk  of  each  kind  uf  aminaf  niaj 
have  a  variable  composition,  these  figures  should  only  be  considered  as  exampla 
of  the  composition  of  milk  of  various  kinds :^ 

Blilk  of  the                           WnLer.  SoJidit.  Proteiils.  Fat  Siuiiar.  S^U 

Dog 754.4  245.6  99,1  95.7  31.9  7.3 

Cat 810.3  183.7  90.8  33  3  49.1  5.8 

Goat 809.1  130.9  36.9  40.9  44.5  8.6 

Sheep 835.0  165.0  57.4  61.4  30,6  B.fi 

Cow .....871.7  128.3  35.5  36.9  43.8  7.1 

Horse. 900.fi  99.4  18.9  10,9  66.5  3.1 

Am. 900-0  100,0  21.0  13.0  63.0  3.0 

P%... 823.7  167.3  60.9  64.4  40.4  10.6 

Elephant 678. 5  321.5  30.9  195.7  88.4  6.5 

Dolphin, ....486.7  513.3  437.6  ....  4.6 

Human  Milk. 

Woman's  milk  is  amphoteric  in  reaction.  According  to  Courant  its 
reaction  is  relatively  more  alkaline  than  cow's  milk,  but  has  neverthelegv  a 
lower  abs^olute  reaction  for  alkalinity  as  well  as  acidity.  Coitr^ott  tound  be- 
tween the  tenth  day  and  the  fourteenth  month  after  confinement  praetieaHy 
constant  results.  The  alkalinity,  as  well  as  the  aridity,  was  a  little  kwer 
than  in  childbed.  One  hundred  c.  c.  of  the  milk  had  the  same  average 
alkalinity  as  10.8  c.  c.  N/10  caastic  scxla,  and  the  same  acidit}^  as  3.0  c.  c» 
N/10  acid.  The  relationw!iip  betwet*n  the  alkalinity  and  the  acidity  in 
wonnin's  milk  wa.s  its  3:1,  and  in  cow*s  milk  as  2.1  iL 

Human  milk  al^o  contains  fewer  fat-globules  than  cow's  milk,  but  they 
are  larjrer  in  size.  The  sfvecific  ^rravity  of  wr^man's  milk  varies  between 
1020  and  1030,  generaih'  betweco  1028  ajid  1034.  It  is  highest  in  weD- 
fed  and  lowest  in  poorly  fed  women.  The  free^in^-point  is  lowered  on 
an  avcrai^e  0.589*^0.  and  the  molocular  concentration  is  0.318. 

TIic  fat  of  woman's  nulk  has  been  in%^esti^ated  by  Ruppel,  It  forms  a 
yellowish-white  mass,  similar  to  ordinar}^  butter,  having  a  specific  gravity 
of  0.966  at  15°  C.  It  melts  at  34.0^  C.  and  solidifies  at  20.2^  C.  The  follow- 
ing fatty  acids  can  be  obtained  from  the  fat»  namely,  butyric,  caproic, 

*  Schlossmann.  Zeitschr.  f.  phyBiol.  Chem.,  2S;  Ellenheiiger,  Aich.  f.  (Aunt,  u) 
Phvtiiol.,  1890  and  1002;  Werenakiold,  Maly's  Jahresber.,  25. 

'  Details  iri  rc|?anl  to  the  milk  of  diflferent  anitnals  rnay  be  found  in  Proscber, 
Zeitschr.  f.  pbysiol,  Chern.,  24;  Abderhaldeo,  ihnL^  27. 
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capric,  mjTistic,  palmitic^  stearic,  and  oleic  acids.  The  fat  from  woman's 
milk  is^  according  to  Ruppel  and  Laves,*  relatively  poor  in  volatile  fatty 
acids.  The  non-volatile  fatty  acids  consist  of  one-half  oleic  acid,  wliile 
among  the  solid  fatty  acids  mjTiBtic  and  palmitic  acids  are  found  to  a 
greater  extent  than  stearic  acid. 

The  essential  qualitative  difference  bc*tweeri  woman's  and  cow^g  milk 
seems  to  lie  in  the  proteids  or  in  the  more  accurately  determined  casein, 
A  number  of  iilder  ami  yormger  invcKtigators  ^  claim  that  the  casein  from 
woman's  ndlk  has  other  properties  than  that  from  cow's  milk.  The  essen- 
tial differences  are  the  follt^wing:  The  casein  from  woman's  milk  is  prccipi- 
tate<J  with  greater  difficulty  with  acids  or  salts;  it  does  not  coagulate  regu- 
larly  in  the  milk  after  the  addition  of  rennet;  it  ma,v  be  precipitatetl  by 
gastric  juice,  but  dissolves  completely  and  easily  in  an  excess  of  the  same; 
the  casein  precipitate  pro<liiced  l>y  an  acid  is  more  easily  sohible  in  an  excess 
of  the  acid;  and  lastly,  the  clot  formed  from  the  casein  of  woman's  milk 
does  not  appear  in  such  large  and  coarse  masses  as  the  casein  from  cow's 
mOk,  but  is  more  loose  and  flocculcnt.  This  last-mentioned  fact  is  of  great 
importance,  since  it  explains  the  generally  admitted  fact  of  the  easy 
digestibility  of  the  casein  from  w^oman's  milk.  We  are  not  clear  as  to 
this  difference  between  the  digestibility  of  the  cow^s  casein  and  human 
casein,  as  the  first  seems  to  be  utilized  in  the  intestinal  tract  i*f  the  infant 
to  the  same  extent  as  human  casein  (P.  Mltller,  Rubxer  and  Heubner  ^). 

The  question  as  to  whether  the  above-men ttoned  differences  fU]'pend  on 
a  deeidetl  difference  in  the  two  caseins  or  only  on  an  unec|nal  relationship 
between  the  casein  and  the  sah*?  in  the  two  kinds  of  milk,  or  upon  other 
circumstances,  has  not  been  decided  as  yet.  According  to  Szontaoh,  the 
casein  fnmi  hmnan  indk  does  not  yield  any  pseudonuclein  on  peptic  diges- 
tion, and  hence  it  cannot  be  a  nncleoalbumin.  WRt^nLEWSKV  has  recently 
arrived  at  the  same  results,  and  also  has  found  that  the  two  caseiiLs  had 
a  different  composition.  Jle  found  the  follo^vdng  for  the  comjiosition  of 
casein  from  woman's  mi!k:  C  52.24,  H  7.32,  N  14.97,  P  0.68,  S  1.1 17  per  cent. 
According  to  Kourak.'*  woman's  casein  yields  some  pseudonuclein,  and 
with  repeatetl  solution  in  alkali  and  precipitation  by  an  acid,  it  becomes 
more  and  more  like  cow's  casein.    He  therefore  suggests  the  possibility 


>  Ruppel,  Zeitschr.  f.  Biologie,  31;  Lav<«,  Zeitschr.  f.  physiol.  Them  ,  Ift. 

*  See  Biedert,  Untersuchimgen  iiber  die  chemischen  i'iiter»cliiede  tier  Menschen- 
tmd  Kiihmilch  (stuttj^art),  1SH4;  Lang^aard,  Virchow's  Arch,,  B5;  Makm,  Studien 
iiber  die  Eiweisskorpcr  der  Frauen-  und  Kuhmilch.      Inaii^,-Dia8,     Strasburg,   1876. 

*Mnller,  Zeitarhr,  1  Biologie,  39;   Rubner  and  Heubner,  ibid,^  37. 

*Szonti4gh,  Maly*s  Jahresber,  22;  Wr61>lewsky,  '^B^itrfi^e  zur  Kenntnisse  des 
Frauenkajseins''  (lnaug,-Disa,,  Bern,  1894),  and  **Eiu  iieuer  elweiasartlger  Bestand- 
theil  der  Jlilch/'  Aiizeiger  der  Akad,  d.  Wiss.  in  Krakau,  1898;  Kobrak,  Pfluger'a 
Arch..>i«. 
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that  woman's  casein  is  a  compound  between  a  nucleoalbumin  and  a  basic 
proteid. 

Woman's  milk  also  contains  lactalburam,  besides  the  casein,  and  a 
protein  substance,  ven^  rich  in  sulphur  {4.7  per  cent)  and  relatively  poor 
in  earl>c»n,  which  Wr6blewsky  calls  opalmn.  The  statements  as  to  the 
occurrence  of  proteoses  and  peptone  are  disputed  as  in  many  other  cases^ 
No  positive  proof  as  to  the  occurrence  of  proteoses  and  peptone  in  fresh 
milk  has  been  given. 

Even  after  those  differences  are  eliminated  which  depend  on  the  imper- 
fect analytical  methods  employed,  the  quarditaiive  composition  of  wonians 
milk  is  variable  to  such  an  extent  that  it  is  impossible  to  give  any  average 
results.  The  recent  analys^is,  especially  those  made  on  a  large  number 
of  samples  by  Pfeiffer^  Adriance,  Camerer  and  Soldner/  have  pod- 
tively  shown  that  woman's  milk  is  essentially  poorer  in  proteids  but  richer 
in  sugar  than  cow*s  milk.  The  quantity  of  proteid  varies  between  10-20 
p  m,,  oft«n  amounting  to  only  15-17  p.  m.  or  less,  and  is  dependent  upon 
the  length  of  lactation  (see  below).  The  quantity  of  fat  also  varies  con- 
siderably, but  ordinarily  amounts  to  30-40  p.  m.  The  quantity  of  sugar 
should  not  be  below  50  p,  m.,  but  may  rise  to  even  80  p.  m.  About 
60  p.  m.  may  be  considered  as  an  average,  but  it  should  be  borne  in 
mind  that  the  quantity  of  sugar  Is  also  dependent  upon  the  length  of 
lactation,  as  it  increases  with  duration.  The  amount  of  mineral  bodies 
varici^  between  2  and  4  p.  m. 

From  a  quantitative  standpoint,  the  most  essential  differences  between 
woman's  and  cow's  milk  are  as  follows:  As  compared  with  the  quantity 
of  albumin,  the  quantity  of  casein  is  not  only  absolutely  but  also  relatively 
smaller  in  woman's  milk  than  in  cow's  milk,  while  the  latter  Ls  poorer  in 
milk-sugar.  Human  milk  is  richer  in  lecithin  at  least  relative  to  the  amount 
of  proteid.  Burow  found  0  49-0,58  p.  m.  lecithin  in  cow*s  mi  k  and  0.58 
p.  m.  in  woman's  milk,  which  corresponds  to  L40  per  cent  for  the  Bmt 
milk  and  3.05  per  cent  for  the  second,  calculated  on  the  percentage  of 
proteid.  Tlio  quantity  of  nucleon  is  greater  in  woman's  milk.  Accortling 
to  Wrrr.vi.A^vcK  cow's  milk  contains  0.566  p.  m.  nucleon,  and  woman's 
milk  1.24  p.  m.  Siegfried  '  finds  that  the  nucleon  phosphorus  amounts 
to  6,0  per  cent  of  the  total  phosphonxs  in  cow's  milk  and  41.5  per  cent  in 
woman's  milk,  and  also  that  in  human  nulk  the  phosphorus  is  nearly 


*  Pfeiffer,  Johrb.  f,  KinderheiJkunde,  20;  also  Maly's  Jahresber.,  IH;  V.  Adrifioee 
and  J.  Adriance,  A  Clinical  Report  of  the  Chemical  Examination,  etc.  Archives  of 
Pediatrics,  1897;  Camerer  and  SiVldner,  Zeit-achr.  f.  Biologie,  33  and  3(*.  In  regard 
to  the  composition  of  woman's  milk,  see  also  Biel,  Maly^s  Jahresber.,  4;  Christenn^ 
ibid.,  7]  Mende»  de  Leon,  ibid,  12;  Gerber,  Bull.  soc.  Chitn,^  23;  Tolmatacheff,  Hopp<»- 
Sejrler's  Med-chcm.  Untcrauch..  272. 

*  Burow,  ZeilBchr.  f.  physiol  Cbem.,  30;   Wittmaack,  ibid,,  22;  Siegfried,  ibid.,  22 
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entirely  in  organic  combination.  Woman's  milk  is  poorer  in  mineral 
bodies  j  especially  time,  and  it  contains  only  one-sixth  of  the  quant  it}'  of 
lime  as  compared  with  cow's  milk.  Human  milk  is  claimed  to  be  also 
poorer  in  citric  acid  (Scheibe*),  although  this  is  not  an  essential  difference. 

Another  difference  between  woman  'a  milk  and  other  varieties  of  milk  is  Umi- 
koff's  reaction,  which  seems  to  depend  upon  the  qimiititalive  €oni|>ositiori, 
especially  the  relation  between  the  milk-sugar,  citric  acid»  lime,  and  iroo  (Sieber.^) 
This  reaction  consists  in  treating  5  c,  c,  of  woman  3  milk  with  2.5  c.  c*  ammonia 
(10  per  cent)  and  heating  to  CO*^  C.  for  15-20  minutcjs,  when  the  mixture  Ijccomes 
violet-red.     Cow  s  milk  gives  a  yellowish -brown  color  when  thujs  treat-ed. 

According  to  Rlbneh  woman's  milk  eont^os  about  3  p,  m.  soaps,  but  this 
could  not  be  substantiated  by  Camerer  and  Soldner*  According  to  them 
woman's  milk  contains  no  soaps,  or  at  least  onlyver>'  small  amounts.  They  also 
found  the  quantity  of  urea  nitrogen  in  woman's  milk  to  l>c  0*11-0.12  p.m., 
although  ScHtiNBORFF  ^  found  nearly  twice  this  amount,  namely  0.23  p.  m. 

In  regard  to  the  quantity  of  mineral  bodies  in  woman's  milk  w^e  have 
the  analyses  of  several  investigators,  especially  of  Bunge  (analyses  A  and 
B)  and  of  Solon  BR  and  Camerer  (analysis  C  *).  Bunge  analyzed  the 
milk  of  a  woman,  fourteen  days  after  deliver)'',  whose  diet  contained 
very  little  common  salt  for  four  days  previous  to  the  analysis  (A),  and 
again  three  days  later  after  a  daily  addition  of  30  grams  of  KaCl  to  the  food 
(B).    The  figures  are  in  1000  parta  of  the  milk: 

ABC 

K,0,_ _,  0.780  0.703  0.8SI 

Na,0 0.232  0.257  0,357 

Cat) 0.328  0.343  0.378 

MgO , 0.064  0.065  0.053 

Fe,0,. 0.004  0.006  0  002 

PJJj 0.473  0.469  0-310 

CI, 0.43S  0.445  0.501 


The  relationsiiip  of  the  two  bodies ^  potassium  and  sodium,  to  each  other 
may,  according  to  Piunge,  var>^  consiilerably  (1 .3-4.4  efjiiivalents  of  potash  to 
1  of  soda).  By  the  arhlition  of  salt  to  the  food  the  quantity  of  sf)dium  and 
chlorine  in  the  milk  increases,  while  the  c|iiantity  of  potaspinm  decreases. 
De  L.\nge  found  more  Na  than  K  in  the  milk  at  the  beginning  of  lacta- 
tion. JoLLES  and  Friedjtjng  '  found  on  an  average  5.9  milligrams  of  iron 
per  liter  of  woman's  milk. 

The  gases  of  woman 's  milk  have  been  in^-estigated  by  Km^,*'    He  fuimd 

^^L  ^Maly's  Jahresber,,  21. 

^^f  'Zeitschr.  f.  phy^iol.  Chem.,  30* 

W  *  Hubner,  Zeitschr,  f,  Biologie,  36;  Camerer  and  Soldner,  i6ui,  89;  Schondorff, 

^^  Pfliiger'a  Arch,  81. 

^^H*  *  Bange,  Zeitschr.  f.  Biolocji*?,  10;  Camerer  and  Stildner.  ibid.,  119  and  44. 

^^"  *  De  Lange,  Maly's  Jiihresber.»  27;   Jolles  and  Friedjung,  Arch.  f.  exp.  Path,  u 

I  Pharm..44}. 

^H  •  Zeitschr.  f.  Biologie,  S2. 


454 


MILK. 


1.07-1,44  c.  c.  of  oxAgen,  2.35-2.87  c.  c.  of  carbon  dioxide,  and  3*37-3.81 

c.  c.  of  nitrogen  in  100  c.  c.  of  milk. 

The  proper  treatment  of  cow*s  milk  by  diluting  it  \\ith  water  and  by 
certain  additions  in  order  to  render  it  a  proper  substitute  for  woman  *s  milk 
in  the  nourisliment  of  children  cannot  be  deterniine<l  before  the  difference 
in  the  proteid  bodies  of  these  two  kinds  of  milk  has  been  completely 
studieih 

The  colostrum  has  a  higher  specific  gravity,  L04O-1.06O,  a  greater  quan- 
tity of  coagulable  proteids,  and  a  deeper  yellow  color  than  ordinanr^  woman 's 
milk.  Even  a  few  da}^s  after  deliver^'  the  color  becomes  less  yellow,  the 
quantity  of  albumin  less,  and  the  number  of  colostrum-corpuscles  dimin- 
ishes. 

We  have  the  older  ana)>^es  of  Clemm  *  and  the  recent  investigations  of 
Pfeiffer,  V.  and  J.  Adriance,  Camerer  and  Soldner  on  the  changes  in 
the  composition  of  milk  after  deliver}^  It  follows,  as  a  unanimous  result 
from  these  investigations,  that  the  quantity  of  proteid,  which  amounts 
to  more  the  first  two  days,  sometimes  to  more  than  30  p.  m.  at  firet, 
rather  quickly  and  then  more  gradually  diminishes  as  long  as  the  lacta- 
tion continues,  so  that  in  the  third  week  it  equals  alxint  10-18  p.  m. 
Like  the  pmtein  sutetanees  so  do  the  mineral  bodies  gradually  decrease. 
The  quantity  of  fat  shows  no  regular  or  const^int  variation  during  lactation, 
while  the  lactose,  especially  according  to  the  obser^'ations  of  V.  and  J. 
Adriance  {120  analyses),  increases  rather  quickly  the  first  days  and  then 
only  slowly  until  the  end  of  lactation.  The  analyses  of  Pfeiffer,  Camerer 
and  Soldner  also  show  an  increase  in  the  quantity  of  milk-sugar. 

The  two  niamraar^^  glands  of  the  same  woman  may  yield  somewhat  different 
milk,  as  shown  by  Houruat  and  later  by  Heunner,^  Likewise  the  different 
portions  of  milk  from  the  .sitmu  milking  may  have  varying  composition.  The 
first  jMjrtions  are  a  i  way  a  poorer  in  fat. 

According  to  i/HKitiTiKR,  VERNors  and  Becquerel,  the  milk  of  blondes  con- 
tains less  casein  than  tliat  of  brunettes,  a  difFereoee  which  Tolmatschefk  •  could 
iK)t  substantiate.  Women  of  delicate  constitutions  yield  a  milk  richer  in  solids, 
es[ieciaUy  in  casein,  than  women  with  strong  constitutions  i,\\  and  B.). 

According  to  \'ernois  and  Becquekel,  the  age  of  the  woman  has  an  effect  on 
the  composition  of  the  milk,  so  that  we  find  a  greater  quant  it}*  of  protcids  and 
fat  in  women  li>-20  years  old  and  a  smaller  quantity  of  sugar.  The  smaUiist 
quantity  of  [^roteids  and  the  g  catest  quantity  of  sugar  are  found  at  20  or  from 
25-30  years  of  age.  According  to  V.  and  Fl,  the  milk  with  the  first-born  is  richer 
in  water — with  a  proportionate  diminution  of  casein,  su^ar,  and  fat — than  after 
aeveral  deliveries. 

The  influence  of  menstruation  seems  to  slightly  diminbh  the  milk-sugar  and  to 
considerably  increase  the  fat  and  ca^'cin  (V.  and  B,), 


'See  Hoppe-Seyler,  Physiol  Chem,,  734, 
•Sourdat,  Compt.  rend.,  71;  Brunner,  Pfluger's  Arck,  7. 

THMtier,  cited  from  lioppe-Seyler,   PhysioL  Chem,,  7S8;    Veraois  and  Bee- 
querel.  Da  lait  chez  k  femme  dans  lYtat  de  santd,  etc.  (Paris»  1353);  Tolmat8oheff» 
-»-ie-S«yler,  Mod.-chem,  Uaterauch.,  272. 
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Witch's  milk  is  the  secretion  of  the  mftmmary  glands  of  new-born  children  of 
both  sexes  immodialely  after  birth.  This  seLTetioti  has  from  a  qyalitfitive  stand- 
point the  same  constitution  as  milk,  but  may  show  important  ditfcrenccs  and 
variationjj  from  a  quantitative  point  of  vit^w.  8chi.os^bekgeh  and  Hauff, 
OuBLER  and  Qltevenne,  and  v.  Genser  '  have  made  analyses  of  this  milk  and 
give  the  following  results:  10,5-28  p.  m  proteids^  8.2-14.6  p.  m,  fat,  and  0-60  p.  m» 
sugar. 

As  milk  is  the  only  form  of  nourishment  duritig  a  certain  period  of  the 
life  of  man  and  mammals,  it  must  contain  all  tbe  nutriment  necesaar}"  for 
life.  This  fact  is  shown  by  the  milk  containing  representatives  of 
t!ie  three  chief  groups  of  orgnnic  nutritive  substances — prt>teids,  carbohy- 
ilrates,  and  fat;  and  all  milk  seems  to  contain  without  doubt  also  some 
lecithin  and  nucleon.  The  mineral  bt^dies  in  milk  must  also  occur  in  proper 
proportions,  and  on  this  point  the  experiments  of  Bunge  on  dogs  are  of 
special  interest.  He  found  that  the  mineral  bothes  of  the  milk  occur  in 
about  the  same  relative  proportion  as  they  do  in  the  body  of  the  sucking 
animal.  BUxXGE  '  found  in  1000  parts  of  the  ash  the  following  results 
(A  represents  results  from  the  new^-boni  dog,  and  B  the  milk  from  the  bitch) : 


A. 

K^ 114.2 

Na/> 106.4 

QfcO , 295,2 

MgO 18,2 

FcA 7.2 

IV>E 394.2 

of 83,5 


B. 

149.8 
8.8.0 

272.4 

15  4 

1.2 

342  2 

159.0 


BuNGE  explains  the  fact  that  the  milk-ash  is  richer  in  |K>tash  and  poorer 
in  soda  than  the  new-born  animal  by  saying  that  in  the  growing  animal  the 
ash  of  the  muscles  rich  in  potash  relatively  increases  and  the  cartilage  rich 
in  soda  relatively  decreases.  In  regard  to  the  amount  of  iron  we  find  an 
unexpected  I  condition,  the  ash  of  the  new-born  animal  containing  six  times 
B&  much  as  the  milk-ash.  This  condition  Bunge  explains  by  the  fact 
founded  on  his  and  Zalesky\s  ex]ieriments,  that  the  quantity  of  iron  in  the 
entire  organism  is  higlie.^  at  birth.  The  new-bom  has  therefore  its  own 
iiupply  of  iron  for  the  growth  <jf  its  organs  even  at  birth. 

The  investi,!2;atioas  of  Hugounexq,  de  L.vnqe,  Camerer  and  Soldner  * 
have  shown  that  in  man  the  conditions  are  different  from  those  in  animals, 
sm  the  ash  of  the  child  has  an  entirely  different  composition  as  compared  to 
be  milk.    As  an  example  the  follow  ing  analyses  are  given  (of  Camerer  and 


*  Schloseberjcer  and  Haiiff,  .Ajinal  d.  Chern.  u.  Plmrm.,  9*1;  Gubler  and  Queveane, 
cited  from  Hoppe-Seyler's  Phvi*iol.  Ch*?m,,  723;  v,  Genser,  ibid. 

'  Zeitschr,  f,  phy^iol.  Chem.,  13. 

'  Hyfjounenq,  Compt.  rfTu!,.  ll?S;  de  Lange,  Zeitschr.  f.  Biologie,  40;  Camerer 
aad  Soldner,  tbid,  2iK  40.  and  44. 
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S5ldner).    (A,  the  ash  of  the  sucking  infant,  and  B,  the  aeh  of  the  miit) 
The  results  are  in  1000  parts  of  the  ash. 


K,0., 
Na-0, 
CaO . , 

MgO. 


A. 

B. 

78 

314 

91 

119 

aei 

161 

9 

26 

8 

6 

389 

135 

77 

200 

We  cannot  therefore  state  as  a  definite  fact  that  the  composition  of  the 
ash  of  the  sutrking  young  and  the  ash  of  the  corresponding  milk  coincide. 
BuNGE  ^  nevertheless  claiins  that  the  comjxjsition  of  the  ash  of  the  sucking 
young  of  various  maramaLs  Is  nearly  the  same,  but  that  the  ash  of  the  raUk 
differs  from  the  ash  of  the  young  in  so  far  as  the  slower  the  young  gio^ 
the  richer  it  is  in  alkali  hloridest  and  relatively  poorer  in  phosphates  and 
liine-salt8.  The  constituents  of  the  ash  have  two  functions  to  perfomi. 
namely,  the  building  up  of  the  tis-sues  and  secondly  the  preparation  of  the 
excreta,  especially  the  urine.  The  faster  the  young  gro\^^  the  more  is  tlii? 
first  in  evidence,  while  the  slower  it  develops,  the  second  is  prominent. 

The  quantity  of  mineral  bodies  in  the  milk,  and  especially  the  atnoiiVit 
of  lime  and  phosphoric  acid,  as  shown  by  Buxge  and  Proscher  and  PagIs, 
stands  iu  close  relationship  U^  the  rapidity  of  growih,  because  the  amount 
of  these  niiueral  constituents  in  the  milk  is  greater  in  animals  which  grow 
and  develop  quickly  than  in  thase  which  grow  only  slowly.     A  similar 
relationship  exists  also,  as  shown  by  the  re-searches  of  Proscher,  and  espe- 
cially of  Abderhalden*,'  between  the  quantity  of  proteid  in  the  milk  ami 
the  rapidity  of  development  of  the  sucking  young.    The  amount  of  pioteid 
is  greater  in  the  milk  the  quicker  the  animal  develops. 

Tlie  influence  of  the  food  on  the  composition  of  the  milk  is  Of  interest 
fram  many  points  of  view  and  has  been  the  subject  of  many  investigations. 
From  these  we  leani  that  in  human  beings  as  well  as  in  animals  hO 
insufficient  diet  decreases  the  quantity  of  milk  and  the  quantity  of  solids, 
while  abundant  food  increases  both.  From  the  obser\'ations  of  De- 
caisne'  on  nulling  women  during  the  siege  of  Paris  in  1871,  the  amount 
of  casein,  fat,  sugar,  and  salts,  but  especially  the  fat,  was  found  U> 
decrease  \\ith  insufficient  food,  while  the  quantity  of  lactalbumin  was  found 
to  be  somewhat  increases!.  Food  rich  in  proteids  increases  the  quantity  of 
milk,  and  also  the  solids  contained   especially  the  fat,  according  to  most 


^  Bunge,  "Dte  Kunehmende  Unfilhigkeit  der  Frauen  ihra  Kjnder  su  stillen/' 
Hiinchen,  1900,  cited  by  Camerer,  Zeltschr.  T  Biologie*  40. 

^  Pnjsclier,  Zeit^chr.  f,  physioL  Chem.,  24;  Abderhnlden,  H^id,,  27;  P«^,  Arch, 
do  FhvHiol  (5).  7 

*  Cited  from  Hoppe-Seyler;  L  c,  739. 
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statements,  Tlie  quantity  of  sugar  in  woman's  milk  is  found  by  certain 
investigators  to  be  increased  after  food  rich  in  proteids,  while  others  claim  it 
is  diminishetL  A  diet  rich  in  fat  may,  as  the  recent  researches  of  Soxhlet 
and  many  others  ^  ha%^e  shown,  cause  a  markcil  increase  in  the  fat  of  the 
milk  when  the  fat  partaken  is  in  a  readily  digestible  and  assimilable  form. 
The  presence  of  large  quantities  of  carbohydrates  in  the  food  seems  to  cause 
no  constant  J  tlirect  action  on  the  quantity  of  the  ni  ilk-constituents.'  In 
carnivora,  as  shown  by  SsunoTiN,*  the  secretion  of  milk-sugar  proceeds 
umnterniptetlly  on  a  iHet  consisting  excliLsively  of  lean  meat.  Watery 
food  gives  a  milk  containing  an  excess  of  water  and  having  little  value.  In 
the  milk  from  cows  which  were  fetl  on  distillers*  grain  Commaille  *  found 
3,5  p.  m.  water,  26.4  p.  m.  casein,  4.3  p.  m.  albumin »  18.2  p,  m,  fat,  and 
i.S  p.  m*  sugar.  Such  milk  has  sometimes  a  peculiar  sharp  after-taste, 
although  not  always.* 

Chemistry  of  Milk'Se.creiion.  That  the  constituents  which  occur  actu- 
ally diasolveil  in  milk  pass  into  the  seeretioti  not  alone  by  filtration  or 
diflfusion,  but  more  likely  are  secreted  by  a  specific  secretory''  activity  of  the 
glandular  elements,  is  shovni  by  the  fact  that  milk-sugar,  which  is  not 
found  in  the  blood,  is  to  all  appearances  formed  in  the  glands  themselves. 
A  further  proof  lies  in  the  fact  that  the  lactalbumin  is  not  identical  vnih 
seralbumin;  and  lastly,  as  Bunge  '  has  shown,  the  mineral  l)odies  secreted 
by  the  milk  are  in  qiiite  different  proportions  from  tho^e  in  the  blood- 
serum. 

Little  Is  knowm  in  regard  to  the  formation  and  secretion  of  the  specific 
constituents  of  milk.  The  older  theory',  that  the  casein  was  protluced  from 
the  lactalbumin  by  the  action  of  an  enzyme^  is  incorrect  and  originated 
probably  from  mistaking  an  alkali-albuminate  for  casein.  Better  founded 
L*  the  statement  that  the  casein  originates  from  the  protopla^sm  of  the 
gland-t^elLs.  There  does  not  seem  to  be  any  doubt  that  the  protoplasm  of 
the  cells  takes  part  in  the  secretion  in  such  a  manner  that  it  becomes  itself 
a  constituent  of  the  secretion,  and  this  also  agrees  with  Heiden^lun  's  ' 


*  See  Maly 'b  Jahresber,  26.     See  also  Basch,  Ergebnisse  der  Physiologie,  2,  Aht.  I. 
'  In  regard  to  the  lit-emture  on  the  action  of  varioiki  foods  on  woman  *s  rnilk,  see 

Zalesky,  '*Ueber  die  Einwirkimp  der  Xahnmg  auf  die  Zusammensetzung  imd  Xahr- 
haftigkeit  der  Frauen milch / '  Berlin,  klb.  Wochenschr,,  1888,  which  also  contains  the 
literature  on  the  importance  of  diet  on  the  composition  of  other  kinds  of  milk.  In 
regard  to  the  extensive  literature  on  the  influence  of  various  foods  on  the  milk  pro- 
duction of  animals,  see  Kimij:^  Them.  d.  menschl.  Nahmngs-  und  Genuiiimittel,  3.  Aufl,p 
1»  298.  See  also  Maly's  Jahresher.  2t>,  30.  31. 
•Centralbl    f.  d.  med,  Wiasenack,  1S66,  337. 

*  Cited  from  K^ini^.  2.  235. 

•See  Beck,  Maly's  Jahresber.,  25. 

•Lehrbnch  d.  phye^iol.  und  pathol.  Chem.,  3.  Aufl,,  93. 

'Herraann'a  Handbuch,  6.  Teii  I,  3S0. 
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views.    According  to  Basch's  *  research^  the  casein  13  formed  in 
maninmry  glond  by   the  mieleic  acid  of  the   nucleus  being  set  free 
uniting  intraal  ve^Jar  with  the  traasuthited  senim,  thus  forming  a  nucleixilbu- 
min,  the  casein;  but  strong  objections  can  be  pr^ented  to  such  a  \*ievr. 

That  the  milk-fat  is  produced  by  a  formation  of  fat  in  the  protoplj 
and  tliat  the  fat^globules  are  set  free  by  their  destniction,  is  a  genei 
admit tetl  opinion,  which,  however,  does  not  exclude  the  |)ossibiiity 
the  fat  is  in  part  taken  up  by  the  glands  from  the  blood  and  eliimnal 
with  its  secretion.    That  the  fats  of  the  food  can  pass  into  the  milk  follom 
fntm  the  investigations  of  Wixti:hxitz,  as  he  has  been  able  to  detect  the 
passage  of  iodized  fats  in  the  niilk,     Jantzen'  has  shown  that  after  feeding 
iodizeil  casein,  the  milk-fat  of  goats  contained  a  little  iodine,  which  indicates 
that  the  ioilized  milk-fat  could  also  have  a  different  origin.     Even  if  ihe 
casein  was  entirely  free  from  fat,  these  observations  do  not  seem  to  modilf 
the    proof    of    the    investigations    of  Winternitz   and    others   (CAWfil, 
Paraschtschuk*).     The  abiuidant  quantities  of  iodized  fat  which  were 
eliminated  with  the  milk  in  the  last-mentioned  case  without  doubt  depend, 
at  least  in  great  part,  upon  the  iodizeil  fat  of  the  food;  but  it  cannntbe 
said  that  idl  of  the  milk-fat  containing  iodine  was  unchanged  iodize^Uat 
of  the  fiHid.      The  investigations  of  SrAMPAM  and  Daddi,  Pailvschtschuk 
and  others  on  the  passage  of  foreign  fats  into  the  milk  indicate  the  passage 
of  the  fat  of  the  focxl  into  t!ie  milk,  although  we  are  still  uncertain  on  ihis 
point.     According  to  8oxhlet  the  fat  of  the  food  does  not  pass  into  the 
milk  directly,  but  is  destroyed  in  place  of  the  body-fat,  which  then  becomea 
available  and  is,  as  it  were,  pushed  into  the  milk.    Hemriques  and  Ro«- 
SEX  *  could  not.  detect  any  mentionable  quantity  of  Imseed-oil  in  the  milk 
after  feeding  with  this  oil;  the  mUk-fat  was  not  normal,  but  had  a  higher 
iodine  etiuivalent  and  a  higher  melting-point,  from  which  they  also  concluded 
that  a  transformation  of   the  food-fat  in  the  glandular  cells  is  possible. 
As  a  formation  of  fat  from  carbohydrates  in  the  animal  organism  is  at  the 
present  thiy  consiilered  as  positively  proved,  it  is  likewise  possible  that 
the  milk-glantb  also  produce  fats  from  the  carbohydrates  brought  to  them 
by  the  blood.     It  is  a  well-known  fact  that  an  anima!  gives  oflF  for  a  long 
time,  daily,  considerably  more  fat  in  the  milk  than  it  receives  as  food,  and 
this  pnjves  that  at  least  a  i>art  of  the  fat  secreted  by  the  milk  is  produced 
from  protcifls   or  carbohydrates,   or  perhaps  from  both.     The  question 
as  to  how  far  tliis  fat  is  pmducetl  directly  in  the  mDk-glantls,  or  from  other 

*  Jahrhuch  f.  Kinderheilkunde,  189S. 

MVint^rnitz,  Zeitnchr.  f.  physioL  Chem.,  24;  Jantzen,  Centralbl,  T  Physiol,  IS; 
Caspari,  Arch.  f.  (Anat.  ii.)  Phygiol,  1899,  Supplbd ;  ParaiJcht.Hchuk,  Chem.  C«o- 
tmlbl,  1903,  1. 

*Spanipani  rmd  Haddi.  Mt*1v 'p  Jnbrcsber.,  26;  Hefiriques  and  Hansen,  C&idL^  Sft 
Bee  alBo  Baach,  Ergebnisse  d.  Physiol.,  2,  Abt  I, 
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and  tissues,  and  brought  to  the  gland  by  means  oi  the  blood,  can- 
liot  be  decided. 

The  origin  of  milk-sugar  is  not  known.    Muntz  calls  attention  to  the 
fact  that  a  number  of  very  widely  diffused  bodies  in  the  v^etable  kingr 
doitt— vegetable  mucilage,  gums,  pectin  bodies — yield  galactose  as  prod- 
ucts of  decomposition,  and  he  believes,  therefore,  that  mUk-sugar  may 
be  formed  in  herbivora  by  a  synthesis  from  dextrose  and  galactose.    This 
«ig^  of  milk-sugar  does  not  apply  to  camivora,  as  they  produce  milk- 
sugar  when  fed  on  food  consisting  entirely  of  lean  meat.    The  observa- 
'    Tations  of  Bert  and  Thierpelder  *  that  a  mother-substance  of  the  milk- 
mffiij  a  saccharogen,  occurs  in  the  glands  cannot  give  further  explanation  as 
to  the  formation  of  milk-sugar,  as  the  nature  of  this  mother-substance  is  still 
unknown.    As  the  animal  body  has  undoubtedly  the  power  of  converting 
one  variety  of  sugar  into  another,  the  origin  of  the  milk-sugar  cannot  be 
sought  simply  in  the  dextrose  introduced  as  food  or  formed  in  the  body. 

The  passage  of  foreign  substances  into  the  milk  stands  in  close  connec- 
tion with  the  chemical  processes  of  milk-secretion. 

It  is  a  well-known  fact  that  milk  acquires  a  foreign  taste  from  the  food 
of  the  animal,  which  is  in  itself  a  proof  that  foreign  bodies  pass  into  the 
milk.  This  fact  becomes  of  special  importance  in  reference  to  such  injurious 
substances  as  may  be  introduced  into  the  organism  of  the  nursing  child  by 
means  of  the  milk. 

Among  these  substances  may  be  mentioned  opium  and  morphine,  which 
after  lai^ge  doses  pass  into  the  milk  and  act  on  the  child.  Alcohol  may  also 
pass  into  the  milk,  but  probably  not  in  such  quantities  as  to  have  any  direct 
action  on  the  nursing  child.'  Alcohol  is  claimed  to  have  been  detected  in 
the  milk  after  feeding  cows  with  brewer^s  grains. 

Among  inorganic  bodies,  iodine,  arsenic,  bismuth,  antimony,  zinc,  lead, 
mercury,  and  iron  have  been  found  in  milk.  In  icterus  neither  bile-acids. 
nor  bile-pigments  pass  into  the  milk. 

Under  diseased  condition*  no  constant  change  has  been  found  in  woman's 
milk.  In  isolated  cases  Schlossberger,  Joly  and  Fiuiol^  have  observed 
indeed  a  markedly  abnormal  composition,  but  no  positive  conchision  can  be 
derived  therefrom. 

The  changes  in  cow's  milk  in  disease  have  been  little  studied.  In  tuberculosis 
of  the  udder  Storch  *  found  tubercle  bacilli  in  the  milk,  and  he  Lso  noted  that 
the  milk  became  more  and  more  diluted,  during  the  disease,  with  a  serous  liquid 
similar  to  blood-serum,  so  that  the  glands  finally,  instead  of  yielding  milk,  gave 


*  Mi'mtz,  Compt.  rend.,  102;   Bert  and  Thierf elder,  foot-note  1,  page  437.. 
*See  Klingemann,  Virehow's  Arch.,  126,  and  Rosemann,  Pfliiger's  Arch.,  78. 

'  Schlossberger,  Annal.  d.  Chem.  u  Pharra.,  06;  Joly  and  Filhol,  cited  from  GorufH 
Besanez,  Lehrb.,  4.  Aufl.,  438. 

*  See  Bang,  Om  Tuberkiilose  i  Kocns  Y  ver  og  om  tuberkulos  Malk.     Xord.  med. 
Aridv,  16,  and  also  Maly's  Jahresber.,  14,  170;  Storch,  Maly's  Jahresber.,  14. 
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only  blood-serum  or  a  serous  fluid.    Husson^  found  that  milk  from  m 

cows  contained  more  proteids  but  considerably  less  fat  and  (in  severe  case 

sugar  than  normal  nulk. 

The  milk  may  be  blue  or  red  in  color,  due  to  the  development  of  micro-oi;^ 
The  formation  of  ooncrements  in  the  exit-passages  of  the  cow's  udder  is 

observed.    They  consist  chiefly  of  calcium  carbonate,  or  of  carbonate  and 

phate  with  only  a  small  amount  of  organic  substances. 

^Compt  rend.,  78. 


CHAPTER  XV. 

URINE. 

Urine  is  the  most  important  excretion  of  the  animal  organism;  it  is  the 

Cleans  of  eliminating  the  nitrogenous  metabolic  products,  also  the  water  and 

the  soluble  mineral  substances;   and  in  many  cases  it  furnishes  important 

<^ta  relative  to  the  metabolism,  quantitatively  by  its  variation,  and  quali- 

^tivdy  by  the  appearance  of  foreign  bodies  in  the  excretion.    Moreover  in 

^any  cases  we  are  able  from  the  chemical  or  morphological  constituents 

^liich  the  urine  abstracts  from  the  kidneys,  ureter,  bladder,  and  urethra 

^  judge  of  the  condition  of  these  organs;    and  lastly,  urinary  analysis 

Affords  an  excellent  means  of  deciding  the  question   as  to  how  certain 

Medicinal  agents  or  other  foreign  substances  introduced  into  the  organism 

^re  absorbed  and  chemically  changed.    In  this  respect  especially  urinary 

5»nalysis  has  furnished  very  important  particulars  in  recijard  to  the  nature  of 

th?  chemical  processes  taking  place  within  the  organism,  and  it  is  therefore 

not  only  an  important  aid  in  diagnosis  to  the  physician,  but  it  is  also  of 

the  greatest  importance  to  the  toxicologist  and  the  physiological  chemist. 

In  studying  the  secretions  and  excretions  the  relationship  must  be  sought 
between  the  chemical  structure  of  the  secreting  organ  and  the  chemical 
composition  of  its  secreted  products.  Investigations  with  respect  to  the 
kidneys  and  the  urine  have  led  to  very  few  results  from  this  standpoint. 
Although  the  anatomical  relation  of  the  kidneys  has  been  carefully  studied, 
their  chemical  composition  has  not  been  the  subject  of  thorough  analytical 
research.  In  cases  in  which  a  chemical  investigation  of  the  kidneys  has 
been  undertaken,  it  has  in  general  only  been  of  the  organ  as  such,  and  not 
of  the  different  anatomical  parts.  An  enumeration  of  the  chemical  con- 
stituents of  the  kidneys  known  at  the  present  time  can,  therefore,  have  only 
a  secondary  value. 

In  the  kidneys  we  find  proteids  of  different  kinds.  According 
to  Halliburton  the  kidneys  do  not  contain  any  albumin,  but  only  a 
globulin  and  a  nvdeoproteid.  The  globulin  coagulates  at  about  52°  C,  and 
the  nucleoproteid  contains  0.37  per  cent .  phosphorus.  According  to 
L.  LiEBERMANN  the  kiducys  contain  a  lecUhalhurnin^  and  he  ascribes  to 
this  body  a  special  importance  in  the  secretion  of  acid  urines.  The  kidneys 
also  contain,  according  to  Lonnberg,  a  mucin-like  substance.    This  sub- 
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stance  yields  no  reducing  body  on  boiling  with  acids  and  belongs  chiefly  to 
the  papilla?,  and  is»  according  to  Lonnberg,  a  nucleoaibumin  (nucleopro- 
teid  ?)-  The  cortical  substance  is  richer  in  another  nucleoalbunun  (nucleo- 
prot«id)  unlike  mucin.  It  has  not  been  decided  what  relationship  this  hsi 
substance  bears  to  Hallibuhton  's  nucleoproteid.  According  to  Morser  * 
dwndroUin-sulpkuric  acid  occurs  as  traces. 

Fat  occurs  only  in  very  smali  amounts  in  the  cells  of  the  tortuous  urinan- 
paasage.s.  Among  the  extractive  bodies  of  the  kidneys  one  finds  xiinthine 
bodies f  also  urea,  uric  acid  (traces),  glycogen ^  kucin^  inosite,  taurin,  and 
cystin  (in  ox-kidneys)*  The  quantitative  analyses  of  the  kidneys  thus 
far  marie  possess  little  interest.  Oidtmann  '  found  810.94  p.  m.  water, 
179.16  p.  m.  organic  and  0.99  p,  m.  inorganic  substance  hi  the  kidney  of 
an  old  woman. 

The  fluid  collected  under  pathological  conditions,  as  in  hydronephrosis,  is  thin 
with  a  variable  but  generally  low  sjiecific  gravity.  Usually  it  is  atraw-vellow  or 
paler  in  eoior,  and  sometimes  colorlesa.  Most  frequently  it  is  dear,  or  only  faintly 
cloudy  from  white  blood-corpuscles  and  epithchum-cells;  in  a  few  cases  it  is  ao 
rich  in  form-elementjs  that  it  api>earH  like  pus.  Protetd  occurs  generally  in 
snitill  amounts;  oecasiormlly  it  i^  entirelv  absent^  but  in  a  few  rare  cases*  the 
amount  is  nearly  as  large  as  in  the  blood-serum.  Urea  occurs  sometimes  in 
considerable  amounts  when  the  parenrhyma  of  the  kidneys  is  only  in  part  atro- 
phied;  in  complete  atrophy  the  urea  may  be  entirely  at>sent. 

I.  Physical  Pro|>erties  of  Urine. 

Consistency,  Transparency,  Odor,  and  Taste  of  Urine,  Under  physio- 
logical condition i  urine  is  a  thin  liquid  and  gives»  when  shaken  with  air,  a 
froth  wliich  quickly  subsides.  Human  urine  or  urine  from  camivora,  which 
i^  habitually  acid,  apj>cars  clear  and  trans|>arent*  oftx^n  faintly  flufjrescent^ 
iinnejiat^ly  after  voidiiig.  When  allowed  to  stand  for  a  little  while  human 
urine  shows  a  light  cloud  {mAecula}^  which  consists  of  the  so  calletl  * '  mucus" 
and  generally  al^  contains  a  few  epithelium  cells,  mucus-corpuscles,  and 
urate-granule^.  The  presence  of  a  larj^i^er  quantity  of  urates  renders  the 
urii:ie  clouily,  and  a  clay-yellow,  yellnwLsh-brown,  rose-colored,  or  often 
brick- re  I  precipitate  (firdifnenlufti  kdrriiium)  settles  on  cixiling,  because  of 
the  greater  insolubility  of  the  urates  at  the  onlinary  t-emperafure  than  at  I 
the  teiinerature  of  the  body.  This  cloudiness  disappears  on  gently  warm-  ' 
in^.  In  new-born  infants  the  cloudiness  of  the  urine  during  the  first  4-5 
da>^  is  due  to  epithelium,  mucus-eorjmscles,  uric  acid,  and  urates.  The 
urine  of  herbivora,  wiiich  is  habitually  neutral  or  alkaline  in  reaction,  is 
very  cloudy  on  account  of  the  carbamates  of  the  alkaline  eartLs  present. 
Human  urine  may  sometime.^ . be  alkaline  under  physiological  conditions, 

*  Halliburton »  Joum,  of  Physiol,  13,  Suppl  ,  and  IS;  l/iohemiann,  Pfliij^er^s  Arch., 
£0  and  t>4;   Lonnberg,  see  Maly'a  Jahresbcr. ,  2tt;   Mt»mer,  Skaad.  Arch.  f.  Physiol.,  6, 

*  Cited  from  v,  Gonip-Besanez,  Lehrbuch,  4.  Aufl.,  732. 
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In  this  ease  it  Ls  cloudy  due  to  the  earthy  phosphates,  and  this  cloudiness 
does  not  disappear  on  warming,  differiog  in  tins  respect  from  the  sedhncn- 
turn  laieritium.  Urine  has  a  salty  and  faintly  bitter  taste  produceil  by 
sodiuoi  chloride  and  urea.  The  odor  of  urine  is  pecuharly  aromatic;  the 
bxUes  which  produce  this  odor  are  unknown. 

The  color  of  urine  is  normally  pale  yellow  when  the  specific  gravity  is 
1.020,  The  color  otherwi.se  depentls  on  the  concentration  of  the  urine  and 
varies  from  pale  straw-yellow,  when  the  urine  contains  small  amounts  of 
soU<k,  to  a  dark  reddish-j'eilow  or  reddish-bro^\Ti  in  stronger  concentration. 
As  a  rule  the  intensity  of  the  color  correspontls  to  the  concentration,  but 
under  pathological  conditions  exceptions  occur  such  as  is  found  in  diabetic 
urine,  which  contains  a  lai^e  amount  of  solids  and  has  a  high  specific 
gra\'ity  and  a  pale-yellow  color. 

The  reaction  of  urine  depends  essentially  upon  the  composition  of  the 
food.  Tlie  carnivora  void  an  acid,  the  herbivora,  as  a  nde,  a  neutral  or 
alkaline  urine.  If  a  carnivora  is  put  upon  a  vegetable  diet,  its  urine  may 
bei'ome  less  acid  or  neutral,  while  the  reverse  occurs  when  an  herbivora  is 
starved,  that  is,  when  it  lives  upon  its  own  flesh,  as  then  the  urine  voidetl  is 
ackl. 

The  urine  of  a  healthy  man  on  a  mixed  diet  has  an  acid  reaction,  and 
the  sum  of  the  acid  equivalents  Ls  greater  than  the  sum  of  the  basic  equiva- 
lents. This  depends  upon  the  fact  that  in  the  pliysiological  comlmstion  of 
neutral  substances  (proteids  and  others)  within  the  oiigani^m  acids  are  pro- 
duced, chiefly  sulphuric  acid,  but  also  phosphoric  and  organic  acids,  such  as 
hippuric,  uric,  and  oxalic  acid,  aromatic  oxyaciils,  and  others.  From  this  it 
follows  that  llie  acid  reaction  is  not  due  to  on  acid  alone.  Tlie  ordina  y 
view  that  the  acid  reaction  is  due  cluefly  to  dihydrogen  phosphati^s  is  therefore 
not  true.  Tlie  various  acids  take  part  in  the  acid  reaction  in  proportion  to 
their  dissociation,  since,  according  to  the  ion  theor}\  the  acid  roaction 
of  a  mixture  is  dependent  upon  the  numl>er  of  hydrogen  ions  present. 

Tiie  composition  uf  the  food  \^  not  the  otdy  influence  which  afTects  the 
degree  of  acidity  of  human  urine.  For  example,  after  taking  f(X>d,  at  tlie 
beginning  of  digestion,  when  a  larger  amount  of  gastric  juice  containing 
hyilrr*ehloric  acitl  is  secrete* J,  the  urine  may  be  neutral  or  even  alkaline.* 
The  statements  of  various  invest!  Ta tors  are  rather  contradictor^'  in  reganl 
to  the  time  of  the  appearan  e  of  the  maximum  and  minimum  of  the  acid- 
ity, which  may  in  i>art  be  explainetl  by  the  dilTerent  individuality  and 
conditions  of  life  of  the  persons  investigat<*d.  It  has  not  infrequently  been 
ob.^e  ve«l  that  perfectly  healthy  persons  in  the  moniing  void  a  neutral  or 
alkaline  urine  which  is  c'oiuly  from  earthy  pho  phates.  The  effect  of 
muscular  activity  on  tlie  acitlity  of  urine  has  not  been  pasitively  determined. 
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According  to  Hoffmann,  Ringstedt,  Oddi  and  Tarxtlu  muscular  work 
raises  the  degree  of  acidity^  but  Abucco  *  claims  hat  it  decreasee  iL  Abun- 
dant penspiration  retiuces  the  acidity  (Hoffmann). 

In  man  and  especially  in  camivoia  it  geenis  that  the  degree  of  acidity  of 
the  urine  cannot  he  increased  above  a  certain  point,  even  though  mineral 
acid?  or  organic  acids  which  are  burnt  up  with  difficulty  are  ingested  in  large 
quantities.  WTien  the  supply  of  carbonates  of  the  fix  d  alkalies  stored  up 
in  the  organism  for  this  purpose  is  not  sufficient  to  combine  "with  the  excess 
of  acid,  then  ammonia  is  split  off  from  the  proteids  o  their  decomposition 
products,  and  this  excess  of  acid  combines  therewith,  forming  ammonium 
salts,  which  pass  into  the  urine.  In  herblvora  feuth  a  combination  of  the 
excess  uf  acid  with  ammonia  dots  not  seem  to  take  place,  or  not  to  the  same 
extent,^  and  therefore  herbivora  soon  die  when  acids  are  given*  Neverthe- 
less the  degree  of  acidity  of  human  urine  may  be  easily  diminished  so  tiiat 
the  reaction  becomes  neutral  or  alkaline.  Thia  occurs  after  the  taking  of 
carbonates  of  the  fLxed  alkalies  or  of  such  alkali  salts  of  vegetable  acids- 
tart  aric  acidp  citric  acid,  and  malic  acid — as  are  easily  burnt  into  carbonates 
in  the  organism.  Under  pathological  conditions,  as  in  the  absorption  of 
alkaline  transudat^^s,  the  urine  may  become  alkaline, 

A  urine  with  an  alkaline  reaction  caused  by  fixed  alkalies  has  a  very 
different  diagnostic  value  from  one  whose  alkaline  reaction  is  caused  by 
the  presence  of  anunonium  carbonate.  In  the  latter  case  we  have  to  deal 
with  a  decomposition  of  the  urea  of  the  urine  by  the  action  of  micro-organ- 
isms. 

If  one  wish^  to  determine  whether  the  alkaline  reaction  of  the  urine  is 
due  to  ammonia  or  fixed  alkalies,  a  piece  of  red  litmus  paper  is  dipped  into 
the  urine  and  allow  it  to  dr>^  exposed  to  the  air  or  to  a  gentle  heat.  If  the 
alkaline  reaction  is  due  to  ammonia,  the  paper  becomes  red  again;  but  if 
it  is  caused  by  fixed  alkalies,  it  remains  blue. 

DeierminuHon  oj  the  Acidiiy.  As  the  quantity  of  phosphoric  acid 
present  as  diliydrogen  salt,  as  above  statetl,  cannot  be  used  as  a  measure 
of  the  acidity^  all  the  older  methods  suggested  for  the  estimation  of 
this  portion  of  the  phosphoric  acid  are  nut  suited  fur  acidity  deter- 
minations. We  now  determine  the  acidity  simply  by  acidiraetric  methods 
by  titrating  with  N/10  caustic  alkali,  using  phenulphthalein  as  an  indicator 
(Xakgeu,  HoiJER,  Folin).  On  account  of  the  color  of  the  urine  and  the 
presence  of  ammonium  salts  and  alkaline  earths^  this  method  cannot 
yield  entirely  exact  results.  The  greatest  error  depentb  upon  the  alkaline 
eiirths^  which,  on  titration  with  caustic  alkali,  precipitate  as  earthy  phos- 
phates in  variable  amounts  and  of  variable  composition.      This  error  can 

'  HofTmAtin,  see  Maly*s   Jahrseber.,  14;   Ringatedt,  ibid,^  20;  Oddi  and   Tanilli, 

24;   Aducco*  ihid,^  17, 
*  Sec  Winterberg,  Zeitachr,  f*  physioL  Chem.,  25. 
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^  prevented,  according  to  Foun,^  by  the  addition  of  neutral  potassium 
oxalate,  which  precipitates  the  lime,  and  in  this  way  the  disturbing  action 
of  the  ammonium  salts  is  also  inhibited.  Perfectly  accurate  results  are 
not  obtained  by  this  method,  but  it  is  the  best  of  those  which  have  been 
SQRested. 

It  is  performed  as  follows:    25  c.  c.  of  urine  are  placed  in  an  Erlen- 
meyer  flask  (about  200  c.  c. capacity),  treated  with  1-2  drops  of  i  percent 
phenolphthalein  solution,  and  shaken  with  15-20  grams  of  powdered  potas- 
sium oxalate  and  immediately  treated  with  N/10  caustic  soda  with  constant 
shaking  until  a  pronounced  pale-rose  color  appears. 

The  acidity,  as  determined  by  titration,  varies  considerably  under 
PHysiological  conditions,  but  calculated  as  hydrochloric  acid  it  amoimts 
^  about  1.5-2.3  grams  in  man. 

By  titration  we  learn  the  amount  of  hydrogen  present  which  can  be 
Substituted  by  a  metal,  i.e.,  the  acidity  in  the  ordinary  older  sense,  but  not 
the  true  acidity,  the  ion  acidity,  which  is  given  by  the  concentration  of  the 
Kydrogen  ions  of  the  urine.  For  similar  reasons,  as  indicated  previously  in 
treating  of  the  alkalinity  of  the  blood-serum  (page  160),  the  ion  acidity 
cannot  be  determined  by  titration,  while  it  can  be  determined  according 
to  the  principle  of  the  electrometric  gas-chain  method  as  there  given.  Such 
estimations  have  been  made  by  v.  Rhorer  and  by  Hober.'  For  normal 
urine  v.  Rhorer  found  as  a  minimum  4io-7,  as  a  maximum  761^^,  and  as 
an  average  30*0-7.  Hober  found  4.7i<>-7,  lOO^^-^,  and  49*^7^  respectively. 
On  an  average  the  urine  contains  therefore  30-50  grams  of  hydrogen  ions 
in  10  million  liters,  and  as  in  the  same  quantity  of  purest  water  there  is 
contained  in  round  numbers  1  gram  of  hydrogen  ions,  the  urine  contains, 
therefore,  30-50  times  as  many  hydrogen  ions  as  the  water.  From  Hober 's 
inv^tigatioas  it  also  follows  that  no  direct  relationship  exists  between  the 
titration  acidity  and  the  ion  acidity,  and  that  the  extent  of  these  two  acidi- 
ties may  be  independent  of  each  other. 

The  osmotic  pressure  of  the  urine  varies  considerably  even  imder 
physiological  conditions.  The  limit  for  the  freezing-point  depression  has 
been  found  by  a  number  of  investigators  to  be  J  =  0.87^  — 2.71°  C  After 
partaking  of  considerable  water  it  may  be  markedly  lower,  and  on  diminished 
supply  of  water  it  may  be  considerably  higher. 

According  to  Bugarsky  a  certain  relationship  exists  between  the  freezing- 
point  depression  and  the  specific  gravity,  namely  — -  -  constant  -  75.     This 

s     1 

equation,  where  »  represents  the  specific  gravity,  has  no  general  application,  and 

'  Naegeli,  Zeitschr.  f.  physiol.  Chem.,  30;  Hober,  Hofmeister's  Beitrage,  3;  Folin, 
Amer.  Joum.  of  Physiol.,  9. 

*  V.  Rhorer,  Pfliiger's  Arch.,  86;  Hober,  1.  c. 

*  See  Siraufls.  Zeitschr.  f.  klin.  Med..  47. 
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according  to  Steyrer,*  \a  only  approximate  for  normal  urines.  The  validitir 
of  the  relationship,  as  found  by  Bugahsky,  between  the  electric  conductivitj 
and  the  ash  content  of  the  urine,  seems  ako  to  require  further  proof. 

The  specific  gravity  of  urine,  which  is  dependent  upon  the  relationship 
exis.ing  between  the  quantity  of  water  secreted  antl  the  solid  uiinar)^  ciir»'^ 
Btituents,  a^pecially  the  u  ea  and  sodium  .  hloride,  may  vsiTy    onsiderablvi 
but  is  generally  1.017-1.020.    After  drinking  laiige  quantities  of  water  i^ 
may  fall  to  1.002^  while  after  profuse  perspiration  or  afttr  drinking  %'er>* 
little  water  it  may  rise  to  L03.S-1.OI0.     In  new-born  infant^  the  specific 
gravity  Is  low,  L007-L005.     The  determination  of  the  specific  gravity  is 
an  important  means  of  learning  the  average  amount  of  solids  eliminated 
from  the  oi^anlsm  with  the  urine,  and  on  this  account  the  determination 
becomes  of  true  value  only  when  at  the  same  time  the  quantity  of  urine 
voided  in  a  given  time  is  determined.     The  different  portions  of  urine 
voided  in  the  course  of  the  twenty-four  hours  are  collected,  mixed  tpgetheTp 
the  total  quantity  measured,  and  then  the  specific  gra\dty  taken. 

The  determination  of  the  specific  gravity  is  most  accurately  obtained  with 
the  pyknometer.  For  ordinary  cases  the  specific  gravity  may  be  deter- 
mine<l  with  sufficient  accuracy  by  means  of  areometers.  The  arerimeters 
found  in  tlie  tratle,  or  urinofneters,  a  e  graduated  from  1,000  to  1.040;  for 
exact  ob«er\^ations  it  is  better  to  use  two  urinometers,  one  graduated  from 
1.000  to  1.020,  and  the  other  from  1.020  to  L040. 

To  determine  the  specific  gravity  of  urine,  if  necessary  filter  the  urine, 
or  if  it  contains  a  urate  saliment,  first  dissolve  it  by  gentle  heat,  then  pour 
the  clear  urine  into  a  dr>^  cylinder,  avoiding  the  format!  n  of  froth.  Air- 
bubbles  or  froth,  when  present,  must  be  removetl  with  a  glass  rod  or  filter- 
paper.  The  cylinder,  which  shuuld  be  about  four  fifth;i  full,  must  be  ^ide 
enough  to  allow  the  urinometer  to  swim  freely  in  the  hquid  %\ithout  touch* 
ing  the  sides.  The  cylintler  and  urinometer  sliould  bcith  be  dr\'  or  pre\iously 
washe<l  with  tlie  urine.  t,)n  reading,  the  eye  is  brought  on  a  level  with  the 
lower  meniscus— which  occurs  when  the  surface  of  the  liquid  and  the  lower 
limb  of  the  meniscus  coincide;  the  reading  is  then  made  from  the  point 
where  this  cur\'ed  line  cuts  the  scale  of  the  urinometer.  If  the  eye  is  not 
in  the  ame  horizontal  plane  with  the  convex  line  of  the  meniscus,  but  is 
too  high  or  too  low,  the  surfiice  of  the  liquid  assumes  the  shape  of  an  elli|Tse, 
and  the  reading  in  this  position  is  incorrect.  Before  reading  press  the 
urinometer  gently  i\own  into  the  liqind  and  then  allow  it  to  rise,  and  wait 
until  it  is  at  rcf^t. 

Each  urinometer  Ls  graduated  for  a  certain  t-emperature,  w^hich  Ls  marked 
on  the  instrument,  or  at  least  on  the  best.  If  the  urine  is  not  at  the  proper 
temperature,  the  following  corrections  must  be  made:  For  every  three 
degrees  above  the  normal  temperature  one  unit  of  the  last  ord'  r  is  cdded  ^o 
the  reading,  and  for  every  three  dcjirees  below  the  normal  temperature  one 
unit  (as  above)  is  sut>tracte<J  from  the  specific  gravity  obsen^ed.  For  exam- 
ple, when    a    urinometer   graduatetl   for  15°  C.  show^   a  specific  gravity 


Bugarsky,  Pflugcr*a  Arch..  fi8i  Stcyrer,  Hofmeiater's  Beitrftge,  3?. 
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of  1.017   at  24°  C,  then  the  specific   gravity  at  15°  C.  =  1.017 +0.003 = 
1.020. 

When  great  exactitude  is  required,  as,  for  instance,  a  determination  to 
the  fourth  decimal  point,  we  make  use  of  a  urinometer  constructed  by 
LoHX3TEiN.*  JoLLEs '  has  also  devised  a  small  urinometer  for  the  deter- 
mination of  the  specific  gravity  of  small  amounts  of  urine,  20-25  c.  c.  The 
specific  gravity  may  also  be  d.termined  by  the  Westphal  hydrostatic 
i)^ance. 

II.  Orgi^nic,  Physiological  Constitueuts  of  the  Uriue. 

Urea,  Ur,  C0N,H4=C0<  j^tt',  has  been  synthetically  prepared  in  sev- 

^r^  ways,  especially,  as  Wohler  showed  in  1828,  by  the  metameric  trans- 
^ojmation  of  anmionium  isocyanate:  CO.N.NH4=CO(NH2)2.  It  is  also 
I^lxxiuced  by  the  decomposition  or  oxidation  of  certain  bodies  found  in  the 
'^-tiimal  organisms,  such  as  piuin  bodies,  creatine,  aiginin,  etc. 

Urea  is  found  most  abundantly  in  the  urine  of  camivora  and  man,  but  in 

^malle"  quantities  in  that  of  herbivora.    The  quantity  in  human  urine  is 

^^rdinarily  20-30  p.  m.    It  has  also  been  found  in  small  quantities  in  the 

Xarine  of  amphibians,  fishes,  and  certain  birds.    Urea  occurs  in  the  perspira- 

t.ion  in  small  quantities,  and  a  \  traces  in  th   blood  and  in  most  of  the  animal 

fluids.    It  also  occurs  in  rather  laige  quantities  in  the  blood,  liver,  muscle,* 

and  bile  *  of  sharks.    Urea  is  also  found  in  certain  tissue    and  oigans  of 

mammals,  especially  !n  the  liver  and  spleen,  although  only  in  small  amounts. 

Under  pathological  conditions,  as  in  obstructed  excretion,  urea  may  appear 

to  a  considerable  extent  in  the  animal  fluids  and  tissues. 

The  quantity  of  urea  which  is  voided  in  twenty-four  hours  on  a  mixed 
diet  is  in  a  grown  man  about  30  grams,  in  women  somewhat  less.  While 
children  void  less,  the  excretion  relative  to  their  body-weight  is  greater  than 
in  grown  persons.  The  physiological  significance  of  urea  lies  in  the  fact 
that  this  body  forms  in  man  and  camivora,  from  a  quantitative  standpoint, 
the  most  important  nitrogenous  end  product  of  the  metabolism  of  proteid 
bodies.  On  this  account  the  elimination  of  urea  varies  to  a  great  extent 
with  the  katabolism  of  the  proteid,  and  above  all  with  the  quantity  of 
absorbable  proteids  in  the  food  ingested.  The  elimination  of  urea  is  greatest 
after  an  exclusive  meat  diet,  and  lowest,  indeed  less  than  durinc:  starvation 
after  the  consumption  of  non-nitrogenous  substances,  since  these  diminish 
the  metabolism  of  the  proteids  of  the  body. 

If  the  consumption  of  the  proteids  of  the  body  is  increased,  then  the 

*  Pfliiger's  Arch.,  59;  Chem.  Centralbl,  1895,  1,  and  1896,  2. 
*Wien.  med.  Presse,  1807,  No.  8. 

•v.  Schroder,  Zeitschr.  f.  physiol.  Chem.,  14. 

*  Hammarstcn,  \hid.,  24. 
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elimination  of  nitTogen  is  correspondingly  increased.    This  is  found  to  be 
the  ense  in  fevers,  cachexia,  dial>el-es,  after  poisoning  with  arsenic,  antimony, 
phosphorus,  and  other  protuplasniic  poisons^  by  a  dirmnii?hed  supply  of  oxypea 
—as  in  severe  and  continuous  dyspnoea,  poisoning  with  carbon  mouoatide. 
hemorrhages  etc.     In  these  cases  it  tLsed  to  be  considered  that  the  me  in  the 
excretion  of  nitrogen  was  due  to  an  increased  ehinination  of  urea,  becauj«e  do 
exact  difference  was  made  between  the  quantity  of  urea  and  of  total  nitrogen 
in  the  urine.     Recent  researches  have  conclasively  demonstrated  the  untnist- 
worthiness   of   these  observations.     Since   Pfluger   and    Bohl.%xd   have 
shown  that  16  per  cent  of  the  total  nitrogen  of  the  urine  exists  under  ph>*sin- 
logical  conditions  as  other  combinations,  not  urea,  attention  has  been  called 
to  the  relationship  of  the  dififerent  nitrogenous  constituents  of  the  urine  to 
each  other,  and  it  has  been  found,  under  patholoj^ical  conditions^  that  this 
relationship   may    vary    c<jjisiderably,   (^^peeially    in    regard    to    the   urea- 
We  have  numerous  determinatioas  by  different  investigators,  such  as  Boh- 
LAND^  E.  ScHULTZK,  Camerer,  Voges,  Morxer  and  Sjoqvtst,  Gtjmijc*h. 
Bodtker/  and  others^  on  the  relationship  of  the  different  nitrogenous  ron- 
stituents  to  each  other  in  the  normal  urine  of  adults.     Sjoqvist  has  made 
similar  determinations  on  new-born  babes  from  1-7  days  old.     From  all 
these  analyses  we  obtain  the  folIo^\ing  figures  (A  for  adults  and  B  for  new- 
born babes).     Of  the  total  nitrogen  there  exists: 


A.  B. 

Per  CVnt.  Per  Ojit. 

Ur^a.  . 81-91  73-76 

Ammonia. 2-5  7.8-9,6 

Uric  t%cnl    .,._,._., __     1-3  3-0-8,5 

Remaining  nitrogenous  substances  (extwictives) ....     7-12  7 . 3-14 . 7 


I 


The  different  relationship  between  uric  acitl,  ammonia,  and  urea  nitrogen 
in  children  and  adults  is  remarkable,  since  the  urme  t»f  cliiJdreo  is  consider- 
ably richer  in  uric  acid  and  ammoniap  and  considerably  poorer  in  urea,  than 
the  urine  of  adults.  The  absolute  quantity  of  urea  nitrogen  in  adtdt^ 
amotmts  to  about  10-16  grams  per  day.  In  disease  the  proportion  of  the 
nitro'Tcnous  sub^^tances  may  be  niarketlly  changed,  and  a  decrease  in  the 
quantity  of  urea  and  an  increase  in  the  quantity  of  ammonia  have  been 
observetl  in  certain  diseases  of  the  liver.  This  will  be  considered  in  iletail  in 
connection  with  the  formation  of  urea  in  the  liver.  It  is  natural  that  there 
shtRild  be  a  diminyieil  formation  of  urea  after  a  decrease  in  the  ingest- 
tion  of  proteids  or  in  a  lowered  katabolbm.     In  diseases  of  the  kidnevs 


>  Pfluger  and  Bohland,  Pfluger 's  Arch.,  aS  and  43;  BoUand,  *6iV/..  43;  J^cliult^w. 
ibid.,  4.>;  Camerer,  Zeitschr.  f,  Biolojerie,  24,  27,  uiid  28;  Voges,  Ueber  die  Mischung 
der  atickstoflhaitigen  Bestandtheile  im  Ham.  etc.  (Inaug.-Diss.,  Berlin,  1892>.  cit€d 
from  Maly's  Jahresber.*  22;  K.  Mumer  and  SJL>qvi(^t.  Skand,  Arch.  L  Physiol.  2. 
Bee  al5M>  ^jrwivjat,  Nord.  med.  Arkiv,,  1892,  No.  3H,  and  1894,  No.  10;  Gumlich.  Z<?it»chr. 
f.  physiol  Chem.,  17;  Bodtker,  see  Maly's  Jahreshen,  20* 
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^hich  disturb  or  destroy  the  integrity  of  the  epithelium  of  the  convoluted 
urinary  passages  the  elimination  of  urea  is  considerably  diminished. 


>        Recently  by  means  of  Pfaundler's  method,  by  precipitating  the  urine  with 
phosphotungBtie  add  and  cloeely  studying  the  precipitate  as  well  as  the  filtrate, 
It  has  been  possible  to  learn  further  about  the  division  of  the  nitrogen  of  the  urine 
and  also  to  determine  the  amount  of  amino-acid  nitrogen.     Pfaundler  ^  found 
10  one  case  4.76  per  cent  of  the  total  nitrogen  as  so-called  amino-acid  nitrogen 
and  Kr'.'oer  and  Schmid  5-6  per  cent.     According  to  v.  Jaksch,'  the  amino- 
add  nitrogen  is  increased  in  diseases  of  the  liver,  typhoid,  and  diabetes.     In 
iK>niial  human  urines  the  amino-acid  nitrogen  must  not  be  above  1.5-3  per  cent 
of  the  total  nitrogen  (v.  Jaksch).     5.16  to  8.5  per  cent  of  the  total  nitrogen  comes 
from  the  ammonia  and  purin  bodies.    The  methods  have  not  been  sufficiently 
developed  and  tested  in  order  to  allow  of  p)ositive  conclusions.    Those  bodies 
JJ'lxich  are  represented  by  the  amino-acid  nitrogen  are  only  known  to  a  slight 
*te^ree  (hippuric  acid,  ox3rproteic  acid,  and  others). 

Farmation  of  Urea  in  the  Organism,    The  experiments  to  produce  urea 
^irectly  from  proteids  by  oxidation  have  led  to  the  formation  of  some  guan- 
^<iine,  but  urea  has  not  been  obtained  positively.    On  the  hydrolysis  of  pro- 
^^ids  arginin  has  been  found  among  other  products,  and  as  it  is  also  produced 
^^  tryptic  digestion,  it  is  possible  that  a  small  portion  of  the  urea  is 
l>Toduced  in  this  manner,  according  to  the  kind  of  proteid  (Drechsel, 
ICossEL,  see  Chapter  II).    Drechsel  claims  that  about  10  per  cent  of  the 
Virea  can  be  accounted  for  in  this  way.    A  part  of  the  urea  may  be  produced 
\>y  the  action  of  alkalies  on  creatine  or  creatinine,  but  this  is  hardly  probable. 
The  amino  acids  are  also  considered  as  mother-substances  of  urea.    By 
the  researches  of  Sghultzex  and  Nencki  and  Salkowski  wdth  leucin  and 
glycocoll  and  those  of  v.  Knieriem  with  asparagin,  it  has  been  shown  that 
the  amino  acids  are  in  part  converted  into  urea  in  the  animal  organism. 
The  investigations  by  Salaskin  with  the  three  amino  acids,  glycocoll, 
leucin,  and  aspartic  acid,  have  unmistakably  shown  that  the  living  dog- 
liver,  supplied  with  arterial  blood,  has  the  property  of  transforming  the 
above  amino  acids  into  urea  or  a  closely  allied  substance.    The  researches 
of  Loewi  with  the  ''urea-forming"  enzyme  of  the  hver,  discovered  by 
Richtet,  and  glycocoll  or  leucin,  as  also  the  researches  of  Ascoli,'  have 
led  to  similar  results,  but  it  must  be  remarked  that  we  have  no   proof 
as  to  the  identity  of  the  newly  formed  substance  with  urea.     Nothing  can 
be  stated  in  r^ard  to  the  extent  of  formation  of  amino  acids  in  the  physio- 
logical destruction  of  proteids  in  the  animal  body,  with  the  exception  of 
those  formed  in  the  intestinal  digestion.     The  possibility  of  such  a  forma- 
tion of  urea  is  beyond  dispute. 

*  Pfaiindler,  Zeitschr.  f.  physiol.  Chem.,  30;  Kriiger  and  Schmid,  ibid.f  31. 

'v.  Jaksch,  Zeitschr.  f.  klin.  Med.,  50. 

'Schultzen  and  Nencki,  Zeitschr.  f.  Biologie,  8;  v.  Knieriem,  i6iV/.,  10;  Salkowski, 
Seitschr.  f.  physiol.  Chem.,  4;  Salaskin,  ibid.,  25;  Loewi,  ibid.,  25;  Richtet,  Compt. 
rend.,  118,  and  Compt.  rend.  soc.  biol.,  49;  Ascoli,  Pfliiger's  Arch.,  72. 


Nothing  positive  can  be  said  in  regard  to  the  manner  in  which  this 
formation  of  urea  occurs;  but  it  is  admitted  that  it  is  partly  a  fommtion 
from  ammonia  and  partly  frr)m  earbamic  acid. 

Tlie  jioisttibility  of  a  fcumatinu  of  urea  from  anminnia  has  been  positively 
shown.  Thus  tlie  researches  of  v.  Kxieriem,  r^ALKOwsKi,  Feder,  I.  Mukk, 
CoRAXDA,  Sa^MiEDEBERG  and  Yu.  Waltkr,  and  Hallerworden,  Pohl 
and  Mr XZER,*  on  tlie  be!ia%aor  of  ammonium  salts  in  tlie  animal  body  and 
the  elimination  of  the  ammonia  under  various  conditions^  have  shown 
that  not  only  ammonium  carbonate,  but  also  such  ammonium  salts  which 
are  l>iirnt  into  carbonate  in  the  orgiinLsm,  are  transformed  inU}  urea  by 
carnivora  as  well  as  hcrbivora,  v.  Schroder,'  by  irrigating  the  living 
dog's  liver  with  blood  treated  with  ammonium  carbonate  or  ammonium 
formate,  has  shown  that  the  formation  of  urea  takes  place,  at  least  in  part, 
in  this  organ.  Nexcki,  Pawlow  and  Zaleski  and  ^'Al-ASKlN  '  have  found 
that  in  dogs  the  quantity  of  ammonia  in  the  blood  from  the  portal  vein  is 
considerably  greater  than  that  from  the  hepatic  vein,  and  they  claim  that 
the  liver  retains  in  great  part  the  ammonia  thus  snppHed.  The  formation 
of  urea  from  ammonia  in  the  liver  is  a  positively  proved  fact,  and  the  urea 
formation  from  ammoruum  carbonate  is  to  be  considered  as  a  synthesis 
with  the  elimination  of  water. 

We  have  also  important  obser%'atLons  which  give  support  to  the  views  of 
ScHULTZEN  and  Nencki,*  namely,  that  the  amino  acids  are  traasfomied 
into  urea  with  earbamic  acid  as  an  intennediate  step,  Drechsel  has 
shown  that  the  amino  acids  yield  earbamic  acirls  by  (jxidation  in  alkaline 
fluid  outside  of  the  organism,  and  he  olitained  urea  fn>m  amnioninm  car- 
bamate by  passing  an  alternating  electric  current  through  its  solution, 
i.e.^  by  alternate  oxidation  and  reduction.  Drechsel  has  also  been 
able  to  detect  small  fiuantities  of  carbamates  in  blood,  and  later  in  con- 
junction with  Abel  he  detected  earbamic  acid  in  alkaline  horse's  urine. 
Drechsel  therefr>re  accepts  the  fonnation  of  urea  from  ammonium  car- 
bamate, and  accortling  to  him  the  alternating  oxidation  and  reduction  take 
place  in  the  following  way: 


and 


n,X.O.CO.NH,+0=H,N.O.CX>.NH3-hHjO 

Aiiviuatiimn  cnrbiimaie 


H,N.O.CO.NHj+n, 


.H,N.CO.Nn,+H,0. 

Urea 


*  V.  Knieriem,  Zeitiichr.  f.  Biologie,  10;  Feder,  ibid,,  13;  Salkowski,  Zeitschr  f, 
Biologie,  1;  Mimk,  ihid.^  2;  Cciranda,  Arch.  f.  exp.  Path-  u,  Plmnn,,  12;  Schmied©- 
berg  and  Walter,  ihid,^  7;  Hallerworden,  ibid.,  10;  Pohl  and  MuDzer»  Arch.  f.  exp. 
Path.  u.  I*barm.,  43^ 

*  Arch.  f.  (?xp.  Path.  n.  Pharm,,  15.     See  aUo  Salomon,  Virchow'a  Arch.,  97. 

*  Arch,  des  sciences  biol  de  St.  Pi^'terahotirg,  4;  see  aiso  Chapter  VI,  page  202, 
*Zeit«dir.  f.  Biologie,  8, 
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Abel  and  Muirhead  '  have  later  observed  an  abundant  elimination  of 
carbamic  acid  in  human  and  dog's  urine  after  the  adminLstration  of  lai^ge 
quantities  of  milk  of  lime,  and  the  probability  of  the  regular  ai>pe-arance  of 
this  acid  in  normal  acid  human  and  dog's  urine  has  been  demyiistrated  by 
M,  NicxcKi  and  H.vhn,^  These  last-men tione<l  investigators  have  also 
given  very  important  support  Uj  the  theor}-  of  the  formation  of  nrea  fmm 
ammonium  carbamate  by  observations  on  dogs  with  Eck's  fistula.  In  tliis 
case  the  portal  vein  Is  directly  connected  with  the  inferior  vena  cava,  and 
a  communication  Ls  thus  established  so  that  the  blofKl  of  the  portal  vein 
flows  directly  into  the  vena  cava,  witlioufc  passing  through  the  liver. 
Nencki  and  Hahn  obser\'ed  violent  symptoms  of  ixiisoning  in  dogs  oper- 
atetl  upon  by  Pawlow  and  ^Iassen,  and  these  symptoms  were  quite  identi- 
cal with  those  obtained  on  introducing  carbamate  into  the  blood.  These 
symptoms  also  api>ear  aft^r  the  introduction  of  carbamate  into  the  stomach, 
while  the  introtluction  of  carbamate  into  the  stomach  of  a  normal  dog  had 
no  action.  An  these  observei^  als<j  foimd  that  tlie  urine  of  the  dog  on  which 
the  operatitm  w^as  maile  w^as  richer  in  carbamate  than  that  of  the  normal 
dog,  they  concluded  that  the  symptoms  were  due  to  the  non-transformation 
of  the  ammonium  carbamate  into  urea  in  the  liver,  and  they  consider  the 
ammonium  carbamate  as  the  substance  from  wiiich  the  urea  is  derived  in 
the  liver  of  mammals. 

The  view  sni  to  the  formation  of  urea  from  anmionium  carbamate  does 
not  contradict  the  above  statement  as  to  the  transformation  of  carbonates 
into  urea,  since  we  can  imagine  that  the  carbonate  is  first  converte^l  into 
carbamate  with  the  expulsion  of  a  molecule  of  water,  and  that  this  then  is 
transformed  into  urea  with  the  expulsion  of  a  second  molecule  of  w^ater. 

F.  HoFMEisTER  ^  has  found  in  the  oxidation  of  different  members  of  the 
fatty  series,  as  w*ell  as  in  amino  acids  and  proteids,  that  urea  Wfis  formed 
in  the  presence  of  ammonia,  and  he  therefore  suggests  the  possibility  that 
urea  may  be  formed  by  an  oxidation-synthesis.  According  to  him,  in  the 
oxidation  of  nitrogenous  substances  a  radical  COXHa,  containing  the 
amid  group,  unites  at  the  moment  of  formation  with  the  radical  NH, 
remaining  on  the  oxidation  of  ammonia*  forming  ure-a. 

Besides  the  alx>ve-mentioncd  theories  as  to  the  formation  of  urea,  there 
are  others  which  will  not  be  given,  because  the  only  thcorj"  which  has  thus 
far  been  positively  demonstrated  is  the  formation  of  urea  from  ammonium 
compounds  and  amino  acids  in  the  Hver. 

^  Drechsel,  Ben  d.  sacha.  Gesellsch,  d.  Wlssensch.,  1875.  See  also  Joum.  t  prakt. 
Chem.  (X,  F.),  12,  1«,  and  22;  Abel,  Du  BoiiS-Reyniond's  Arch,  IS91;  Abel  and 
Muidiead.  Arch.  f.  exp.  Path  \i.  Pharin  ,  31. 

'  Uahn,  Massen,  Nencki  et  Pawlow,  La  fistule  d'Eck  de  la  veine  cavo  inf^ricur  et 
de  k  veine  porte,  etc,     Arrh  dcs  .nciencea  bioL  de  St,  PC^terabourg,  1,  No,  4,  1892. 

*Arcb.  f,  exp.  Path.  u.  Pbarra,.  37. 
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The  liver  is  the  only  oi^gaii  in  wliich,  up  to  the  present  time,  a  formation 
of  urea  has  been  directly  detcH?te«l ;  *  and  the  question  arises,  what  importance 
has  this  urea  formatioii  which  Ukkes  place  in  the  liver?  Is  the  urea  %vholly 
or  chiefly  formed  in  the  liver? 

If  the  liver  Ls  the  only  organ  capable  of  formins^  iirea^  it  is  to  be  expected^ 
on  the  extirpation  or  atrophy  of  that  organ,  that  a  redueetl  or,  in  sliort  experi- 
ments, at  letist  a  strongly  diminished  eliminaion  of  urea  should  oeciir.  As 
at  least  a  part  of  the  urea  is  formed  in  the  li\^er  from  ammonium  compounds, 
a  simultaneous  increase  in  the  elimination  of  anmionia  is  to  be  expected. 

The  extirpation  and  atrophy  ex]3eriments  on  aninmls  made  by  difTerent 
methods  by  Ni:xcki  and  Hahx,  Slossk,  Lieblein,  Nencki  and  Pawlow, 
Salasrin  and  Zaleski  ^  have  shown  that  a  rather  markeil  increase  of 
anfiinonia  and  a  diniinislied  elimination  of  urea  take  place  after  the  opera- 
tion, but  also  that  there  are  cases  in  which,  irrespective  of  the  pronovmced 
atrophy  p  an  abimdant  formation  of  urea  occius,  and  no  appreciable,  if  any; 
change  in  the  proportion  of  ammonia  to  the  total  nitrogen  and  urea  is 
observed.  After  shutting  out  the  organs  of  the  post4:-ri(tr  part  of  the 
body,  especially  the  liver  and  kidneys,  from  the  circulation,  Kaufman x  *  also 
found  an  important  increase  in  the  urea  of  the  blood,  and  these  different 
observations  show  that  the  liver  is  not  the  only  organ,  In  the  various  animals 
experimented  upun,  m  which  urea  is  formevb 

The  observations  made  by  numerous  investigators  *  on  human  beings 
with  cirrhosis  of  the  hver,  acute  yellow  atrophy*  and  phosphorus  poisoning 
have  led  to  the  same  result.  These  investigations  teach  that  in  certain 
cases  the  proportion  of  the  nitrogenous  substances  may  be  so  changed 
that  urea  is  only  50-60  per  cent  of  the  total  nitrogen,  while  in  other  cases, 
on  the  contrary',  even  in  very  extensi\T  atropliy  of  the  liver-ccOs,  the  forma- 
tion of  urea  is  not  diminished,  neither  is  the  proportion  between  the  total 
nitrogen,  urea,  and  ammonia  essentially  changed.  Even  in  the  cases  in 
which  the  formation  of  urea  was  rehitivcly  diminished  and  the  elimination 


*  In  regard  to  the  mvestigations  of  Prevost  and  Dumas,  Mcissner,  Voit,  Gr<?liant, 
Gscheidlen  and  Salkowski,  and  others>  on  the  n'Ae  of  the  kidiieya  in  the  formation  of 
urea,  see  v.  Schroeder,  Arch.  f.  exp.  Path.  u.  Plmrm.,  l«j  and  l^,  and  Voit,  Zeitschr. 
f,  Biologie,  4. 

*  Nencki  and  Ifuhn,  l.c, ;  Slossc,  Dn  Bois-Revmond 's  Arch,,  1890;  LiebleLn,  Arch, 
i.  exp.  Path.  u.  Pbnnn  ,  iW;  Nencki  and  Pawlow,  Arch,  des  Bcicnc.  do  St.  P^terabourg,, 
5.  See  also  v,  ^^eister,  Maly's  Jahrober.,  25;  Balaskin  and  Zaleski,  Zeitschx.  L 
physiol  Chem.,  2t». 

"  Compt.  rend.  Soc.  bio!.,  i'V,  and  Arch,  de  Physiol  r5\  fi. 

*  Sec  Hallen^'orden,  Arch,  f,  exp,  Path,  il  Phamk,  12;  Weintraud,  ibid.,  31;  Munx<*r 
and  Winterbergj  ibid.f  33;  Stadelmann,  Deutsche  Arch.  f.  klin,  Med,.  33;  Fawit«ki, 
t6trf.,45;  Munier,  ibid.,a2;  Friink el,  Berlin  klin.  VVochenachr.,  1878;  Richter,  iliirf., 
I8i>6;  Momer  and  Hjoqvist,  Skand.  Arch,  f,  Physiol,  2,  and  Sj5qvist*  Xord.  Med. 
Arkiv,,  1892;  Gumlich,  Zeitschr.  U  physioL  Chem.,  17;  v.  Noordea,  Lehrb.  d.  PathoL 
dea  StoetwechaelB,  287, 
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of  aiiimoiiia  conBiderably  increased  further  investigation  must  b^  instituted 
before  it  will  be  pos.sible  t-o  assume  a  reclueed  ability  of  the  organism  to 
produce  urea.  An  iiicreaseti  elimination  of  ammonia  may,  as  shown  by 
Muxzi:r  in  the  case  of  acute  phosphnriLs  i>nis(>uiujr,  l>e  dependent  upon 
the  formation  of  abnormally  lar^e  quantities  of  acids,  caused  by  abnormal 
mctabolij>m,  and  these  acids  rerjuire  a  greater  quantity  of  ammonia  for  their 
nputralizatio!!  according  to  the  law  of  the  eluoiiiation  of  ammonia,  \vlii**h 
will  be  given  later.  That  an  abnormal  formation  (jf  acid  occurs  after  the 
cuttins:  out  of  the  liver  has  been  especially  shown  by  Salaskix  and 
Zalcskj/ 

For  the  present  wt  are  not  justified  in  the  statement  that  the  liver  is 
the  only  organ  in  which  urea  is  fornieib  and  continued  investigation  only 
can  yield  further  infornuition  as  to  the  extent  and  irujiorhuice  of  the  forma- 
tion of  urea  from  ammonium  compounds  in  the  liver. 

ProfH^rtics  and  Rvavtions  of  Urea.  Urea  cr^^stallizes  in  needles  or  in 
long,  colorless,  four-sided,  often  hollow,  anhydrous  rhombic  prisms.  It  has 
a  neutral  reacti(m  and  produces  a  coohiig  sensation  on  the  tongue  like  salt'- 
peter.  It  melts  at  132"^  C.  At  ordinar}'  temperatures  it  dissolves  in  an  equal 
weight  of  water  and  in  live  parts  alcohol;  it  re(piires  one  fuirt  ljf>iling  ah^ohol 
for  solution;  it  is  insoluble  in  aleohol-free  ether,  antl  also  in  chloroform. 
If  urea  in  substance  is  heated  in  a  test-tube,  it  melts,  decomposes,  givef^off 
anmionia,  and  leaves  finally  a  non-transparent  white  resi<lue  which,  among 
other  substances,  contains  cyauuric  acid  and  biurctf  which  latter  dissolv^es 
in  water,  givuig  a  beautiful  re<ldish-violet  liquid  with  copper  sulphate  and 
alkali  (biuret  rea^'iion).  On  heating  with  baryta-water  or  caustic  alkali,  also 
in  the  soH^alleil  alkaline  fermentation  of  urine  cause*!  by  micro<irganisms, 
urea  splits  into  carbon  tlioxide  and  ammonia  with  the  addition  of  water. 
The  same  decomposition  jinxlucts  are  pnxluced  when  urea  is  heated  with 
concentrated  sidphuric  acid.  An  alkaline  solution  of  sodium  Inqiobromite 
decomposes  urea  into  nitrogen,  carbon  dioxide,  and  water  according  tu  the 
equation 

CON,II,-h  SNaOBr-  3XaBr+C0j+  2HjQ+  N,, 

With  a  concentrated  solution  of  furfurol  and  hydroeldoric  acid  urea 
in  substance  gives  a  colomtion  parssing  fn>m  yellow,  green,  blue,  to  violet » 
and  then  beautiful  pur] ile- violet  after  a  few  nnimtes  (Schiff^s  reaction)* 
Acconling  to  Hitppert  ^  the  test  is  best  performed  by  taking  2  c.  c,  of  a 
concentrated  furftir«>l  solution.  4-6  drops  of  concentrated  hydrochloric  acid, 
and  adding  to  this  mixture,  wliich  must  not  be  red,  a  small  cr\^stal  of  urea. 
A  deep  violet  coloration  appears  in  a  few  minutes. 

Urea  forms  crt^stalline  combinations  with  many  acids.    Among  these 

'  Zctt^chr.  f.  physioL  Chem. ,  20. 

'  Huppert-Neubauer,  Analyse  des  Hames,  10.  Aufl.,  296. 


m 


URINE, 


the    one  with  nitric  acid  and  the  one  with  oxalic  acid  are  the  most 
important* 

Uhea  Nitr^^te,  C()(XHj)j.HN03.  On  erystallizino;  quickly  this  com- 
Tjiniitiuri  fnnns  thin  rhombic  or  sbc-sitled  overlapiiing  tiles,  or  colorless 
plates,  with  an  angle  of  82*^.  When  crystallizing  slowly,  larger  and 
thicker  rhombic  pillars  or  plates  are  olitained.  This  combination  is  rather 
easily  soluble  in  pure  water,  but  is  eoiii^iderably  less  sohible  in  water  con- 
taining nitric  acid ;  it  may  be  obtained  by  treating  a  concentrated  solution 
of  urea  \nth  an  excess  of  strong  nitric  acid  free  from  nitn)us  acid.  On 
heatuig  this  combination  it  volatilixci?- without  leaving  a  residue. 

Thi.'?  comjwund  may  he  employed  wiih  advantage  in  detecting  small  amounts 
of  urea.  A  drop  of  the  roncentrjited  solutioo  is  placed  on  a  microj^cope-slide  and 
the  c'over-giitss  placed  Ufwn  it;  a  drop  of  nitric  acid  is  then  placed  on  the  side 
of  the  cover-glass  and  allowed  t(»  ilow  under.  The  formalimi  of  cryslals  begins 
where  the  solution  and  the  nitric  acid  meet.  Alkali  nitrates  may  cr}^i?taUize 
very  similarly  to  urea  nil  rate  when  they  are  contaminated  with  other  bodies; 
therefore,  in  testing  for  urea,  the  erystab  mtust  be  identified  as  urea  nitrate  by 
heating  and  by  other  meiins. 

Urea  (Ixalatk,  2.CO(NHj)2.HjC204.  This  compound  Ls  more  spar- 
ingly soluble  in  water  than  the  nitric-acid  compound.  It  L?  obtained  in 
rhombic  or  sL\-sideil  prisnxs  or  plates  on  adding  a  saturated  oxalic-acid 
solution  to  a  concentrated  solution  of  urea. 

Urea  also  foniLs  crunbinatioiLs  with  mercuric  nitrate  in  variable  propor- 
tions. If  a  vef}^  faintly  acid  mercuric-nitrate  solution  is  added  to  a  2 
per  cent  solution  of  urea  and  the  mixture  carefully  neutralize*!,  a  com- 
bination is  ol)tained  of  a  constant  compositimi  which  contiiins  for  every 
10  parts  of  urea  72  parts  of  mercuric  oxide.  Thi^  compound  ser\'e5  as  the 
basis  of  Liedig\s  titration  methoiL  Urea  combines  also  with  salts,  forming 
m^^;tly  cr}stallizable  Ciimbinations,  as,  for  instance,  witii  Bodium  chloride, 
with  the  chlorides  of  the  heavy  metals,  etc*  An  alkaline  but  not  a  neutral 
eolutinn  of  urea  Is  precipitated  with  mercuric  chloride. 

If  urea  m  disaolved  In  dilute  hydrochloric  aeid  and  then  an  excess  of  formal* 
dehyde  is  addt»d,  a  thit-k,  white,  granular  |ireeipiiate  is  obtained  which  i.s  difficultly 
goluble  and  whose  composition  is  somowhat  disputed.*  With  phenylhydrazine, 
urea  in  strong  aeetie  aeid  pive.-^  a  colorless  (Tvstidline  eomhination  of  jiheriyl- 
eemicarbazid,  CfiHsMI.XH.CtJMij,  which  is  soluble  with  difficulty  in  cold  water 
and  melti^  at  172°  C.  (J.\ffe^). 

Tlie  methoil  uf  preparing  urea  from  urine  is  in  the  main  an  follows:  Con* 
cent  rate  the  urine,  which  hius  been  faintly  acidified  with  sulphuric  acid,  at  a 
low  temperature,  add  an  exces-^  of  nitric  acid,  at  the  .same  time  keeping  the 
mixture  cool,  firc^s  the  precipitate  well,  decompose  it  in  water  with  freshly 


*8e€  Tollens  and  his  pupils,  Ber.  d.  deutsch.  chem.  Geselbch.,  29,  2751;    Gold- 
Schmidt,  drut,  20,  and  Cliem   rentrallil.  1807,  1,  33;  Thoms,  ibid.,  2.  144  and  737. 
'  Zeitachr.  f,  physioL  Chem.,  22. 
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precipitated  barium  carbonate,  dry  on  the  water-bath,  extract  the  residue 

'With  strong  alcohol,  decolorize  when  necessary  with  animal  charcoal,  and 

filter  while  warm.     The  urea  which  crystallizes  on  cooling  is  purified  by 

lecrystallization  from  warm  alcohol.    A  further  quantity  of  urea  may  be 

obtained  from  the  mother-liquor  by  concentration.    The  urea  is  punfied 

fiom  contaminating  mineral  bodies  by  redissolving  in  alcohol-ether.     If  it 

is  only  necessary  to  detect  the  presence  of  urea  in  urine,  it  is  sufficient  to 

concentrate  a  little  of  the  urine  on  a  watch-glass  and,  after  cooling,  treat  it 

with  an  excess  of  nitric  acid.     In  this  way  we  obtain  cr\'stals  of  urea  nitrate. 

QuarUitative  Estitnation  of  the  Total  Nitrogen  and  Urea  in  Urine.    Among 

tie  various  methods  proposed  for  the  estimation  of  the  total  nitrogen,  that 

suggested  by  Kjeldahl  is  to  be  recommended.     Lut  as  Liebig's  method 

for  the  estimation  of  urea  is  really  a  method  for  determining  the  total 

nitrogen,  and  as  the  physician  has  not  always  at  hand  the  apparatus  and 

utensils  necessar}''  for  a  Kjeldahl  determination,  he  often  makes  use  of 

^is  method;  hence  both  will  be  given  in  detail. 

Kjeldahl 's  method  consists  in  transforming  all  the  nitrogen  of  the 
^tganic  substances  into  ammonia  by  heating  with  a  sufficiently  concentrated 
sulphuric  acid.  The  ammonia  is  distilled  off  after  supersaturating  with 
^Ikali  and  the  ammonia  collected  in  standard  sulphuric  acid.  The  follow- 
ing reagents  are  necessary. 

•  1.  Sulphuric  Acid,  Either  a  mixtuj;e  of  equal  volumes  of  pure  concen- 
trated and  fuming  sulphuric  acid  or  else  a  solution  of  200  grams  phosphoric 
anhydride  in  1  liter  of  pure  concentrated  sulphuric  acid.  2.  Caustic  soda  free 
from  nitrates,  30-40  per  cent  solution.  The  quantity  of  this  caustic-soda 
solution  necessary  to  neutralize  10  c.  c.  of  the  acid  mixture  must  be  deter- 
mined. 3.  Metallic  mercurjf  or  pure  yellow  mercuric  oxide.  (The  addition  of 
this  facilitates  the  destniction  of  the  organic  substances.)  4.  A  potassium^ 
siUphide  solution  of  4  per  cent,  whose  object  is  to  decompose  any  mercuric 
amid  combination  which  might  not  have  evolved  its  ammonia  completely 
(luring  the  distillation  with  caustic  soda.  5.  N/5  sulphuric  acid  and  N/5 
caustic  pota^ih  solution. 

In  performing  the  determination  5  c.  c.  of  the  carefully  measured  and  fil- 
ter^ urine  is  placed  in  a  long-neck  Kjeldahl  flask,  a  drop  of  mercury  or 
about  0.3  gram  of  mercuric  oxide  addecl,  and  then  treated  Avith  10-15  c.  c.  of 
the  strong  sulphuric  acid.  The  con  ten  s  are  heated  very  carefully,  placing  the 
flask  at  an  angle,  until  they  just  befrin  to  boil  gently;  this  is  continued  for 
about  half  an  hour  after  the  mixture  becomes  colorless.  On  cooling  the  con- 
tents are  transferre:!  to  a  voluminous  distilling-flask,  carefully  washing  the 
Kjeldahl  flask  with  water,  and  the  greater  part  of  the  acid  is  neutralized 
by  caustic  soda.  A  few  zinc  shavings  are  add  d  to  ]):  event  too  ra})id 
ebuUit  on  on  distillation,  and  then  an  excess  of  caustic-soda  sohition  which 
has  previously  been  treated  with  30-40  c.  c.  of  the  potassium-t^ulphide  solu- 
tion. The  flask  Is  quickly  connected  with  the  condenser-tube  and  all  the 
ammonia  distilled  off.  In  order  to  prevent  loss  of  ammonia  it  is  best  to 
lower  the  end  of  the  exit-tube  below  the  surface  of  the  acid,  and  the  regur- 
gitation of  the  acid  b  prevented  by  having  a  bulb  blown  on  the  exit-tube. 
Not  less  than  25-30  c.  c.  of  the  ^tandard  acid  is  used  for  ever>'  5  c.  c.  of 
urine,  and  on  completion  of  the  distillation  the  acid  is  retitrated  with  N/5 
caustic  soda,  using  rosolic  acid,  tincture  of  cochineal,  or  lacmoid  as 
indicator.  llach  cubic  centimetre  of  the  arirl  corresponds  to  2.8  milligrann 
nitrogen.     As  a  control  and  in  order  to  see  the  purity  of  the  reagents,  or  to 
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eliminate  any  error  causefl  by  an  acckiental  quantity  of  ammonia  in  the 
air,  we  always  make  a  blank  tleteni  lination  with  the  reagents. 

Liebig's  method  is  basetl  upon  the  fact  that  a  dikite  solution  of  mer- 
curic nitrate  under  proper  cniKiitiom  precipitates  all  the  urea  from  its 
fiolutiuM,  forming  a  roinpound  of  constant  cttmposition.  As  indicator,  a 
soda  solution  or  a  thin  [lasle  of  sodiinn  bicarbonate  is  n^ed.  An  excess  o." 
mercuric  nitrate  producer  herewith  a  yellow  or  yellowish -brown  combina- 
tion, while  the  combination  of  urea  and  mercury  is  white.  PFLt'CER  '  has 
given  full  particulars  of  this  method;  therefore  we  will  describe  Pflijger's 
modification  of  Lieb.g's  method. 

As  phosphoric  acid  is  also  precipitated  by  the  mercuric-nitrate  solution,  ihi  - 
mu^t  be  removed  from  the  urine  hy  the  addi;  ion  of  a  baryta  solution  l>efore  titra- 
tion. Pflijger  alj*>  suggested  that  the  aritlity  produc-ed  by  Ihe  tnerrur\'  solution 
be  neutralized  during  titration  by  the  addition  of  a  soda  £H>lution,  The  liquids 
necessary  for  the  litriition  are  the  following: 

L  Mvrcun'c-iiUnUe  Sfdaiion,  This  solution  is  calculated  for  a  2  per  rent  urea 
solution,  and  JO  c.  v.  of  the  lirst  should  ('orres|*oiul  lo  10  v,  c.  of  the  kttcr  Each 
euliic  rentimeter  of  the  ruertmry  solutuni  ffirrcsj^ijods  la  O.tU  j^riina  urea.  As  a 
^mall  exee.ss  of  HgO  is  necessary  in  the  urine  to  cause  the  final  reaction  (>ith 
alkah  carbonate  or  bicarbonate)  to  appear,  each  cubic  centimeter  of  the  niercurj' 
Bolutiou  must  contain  0.0772  instead  of  0.0720  gram  HgO.  The  mercury  sulutioD 
contains  therefore  77,2  grams  Ilg(J  in  1  liter. 

The  solution  may  l>e  pre|>ared  fro«i  luire  mercur>*  or  merruric  oxide  by  'dis- 
eolving  in  nitric  acid.  The  solution,  frec^d  as  completely  as  pogssible  frntn  an 
excess  of  acid»  is  thlnted  by  the  careful  atldition  uf  water,  stirring  meanwhile, 
until  it  has  a  ssjHU'ilic  gravity  of  1.10,  or  a  little  higher,  at  20*^  C.  The  solution 
is  stiintiardized  wilh  a  2  j>er  cent  s^olution  of  pure  urea  which  has  bet*n  dried  over 
fiulphuric  acid  and  the  oj»eration  conduct eti  as  will  Ije  described  later.  If  the 
Bolulion  is  too  concentrnted,  it  is  corrected  by  the  careful  addition  of  the  ncce:<isar\- 
amount  of  Avatcr,  avoiding  the  precipitation  of  the  basic  salt  and  titrating  again* 
The  solution  is  correct  if  I  J). 8  c.  c,  of  it,  addetl  at  once  to  10  c.  c.  of  the  urea 
solution  and  the  quantity  (U-12  c.  c.  or  more)  of  iiornud  soda  solution  nccessar_ 
to  ne^irly  completely  neutralize  the  liquid,  gives  t!ie  final  reaction  when  exaclljf 
20  c-  c.  of  the  mercury  solution  has  been  employed. 

2.  Baryta  SohUum.  This  consists  of  1  vol.  of  barium  nitrate  and  2  vols,  of 
barium-hydrate  solution,  both  saturated  at  the  ordtnarjvjemperature. 

3.  Normal  Soda  Solid  ion.  This  sohiti<m  contains  o3  grains  of  pure  anhvdrous 
BOtlium  earbonate  in  I  litre  of  water.  According  to  PFrA'GER  a  solution  having 
ft  sfK*cific  gravity  of  1.05;^  is  sufiicienL  Tfie  amount  of  this  soda  solution  iieces- 
pary  to  completely  neutralize  the  acid  set  free  during  the  titration  is  detennineil 
by  titrating  with  a  pure  2  per  cent  urea  solution.  To  facilitate  operations  a  table 
cin  be  made  showing  the  fimintity  of  coda  solution  necessary  when  from  10  to 
35  c.  c.  of  the  mercury  tiolution  is  used. 

Before  the  titration  the  following  must  be  considered.  The  chlorides  of 
the  mine  interfere  with  die  tltrauon  in  that  a  part  of  the  mercuric  nitrate 
is  transfornieti  into  niercnric  chloride^  which  docs  not  precipitate  tlie  urea. 
The  chlorides  of  the  urine  are  therefore  removed  by  a  silver-nitrate  solu- 
tion, whicli  also  renioves  any  bromine  or  iodine  cotnl>inations  which  may 
exiJ^t  in  the  urine.  If  the  urine  c<uitains  proteid  in  noticeable  amounts,  it 
must  be  removed  hy  coagidation  and  the  addition  of  acetic  acid,  but  care 
mu'^t  be  taken  that  the  concentration  and  the  vohinie  of  the  urine  are  not 
changed  duriiif?  these  operations.     If    he  urine  contains  ammonium  ear- 
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bonate  in  noticeable  quantities,  caused  by  alkaline  fermentation,  this  titra- 
tion method  cannot  be  applied.  The  same  is  true  of  urine  containing  leucin, 
tyrosin,  or  medicinal  preparations  precipitated  by  mercuric  nitrate. 

In  cases  where  the  urine  is  free  from  proteid  or  sugar  and  not  specially 

poor  in  chlorides,  the  quantity  of  urea,  and  also  the  approximate  quantity 

of  mercuric  nitrate  necessary  for  the  titration,  may  be  learne.l  from  the 

'   specific  gravity.    A  specific  gravity  of  1.010  corresponds  to  about  10  p.  m., 

a  specific  gravity  of  1.015  generally  somewhat  less  than  15  p.  m.,  and  a 

specific  gravity  of  1.015-1.020  about  15-20  p.  m.  urea.     With  a  specific 

gravity  higher  than  1.020  the  urine  generally  contains  more  than  20  p.  m. 

of  urea,  and  above  this  point  the  amount  of  urea  increases  much  more 

lapidly  than  the  specific  gravity,  so  that  with  a  specific  gravity  of  1.030  it 

eontains  over  40  p.  m.  urea.     Fever-urines  with  a  specific  gravity  above 

1.020  sometimes  contain  30-40  p.  m.  urea  or  even  more. 

Preparatiox  for  the  Titkation.     If  a  large  amount  of  urea  Is  sus- 
pected from  a  high  specific  gravity,  the  urine  must  first  be  diluted  with  a 
carefully  measured  quantity  of  water,  so  tliat  the  amount  of  urea  is  re- 
duced below  30  p.  m.     In  a  special  portion  of  the  same  urine  the  amount  of 
chlorides  Ls  determine<l  by  one  of  tlie  methoiLs  wliich  will  be  given  later,  and 
the  number  of  cubic  centimetres  of  silver-nitrate  solution  necessar}^  is 
noted.     Then  a  larger  quantity  of  urine,  say  100  c.  c,  is  mixed  with  one- 
half  or,  if  this  is  not  sufficient  to  precipitate  all  the  sulphuric  and  phos- 
phoric acids,  with  an  equal  volume  of  the  l)ary  ta  solution ;  it  is  then  allowed 
to  stand  a  little  while,  and  the  precipitate  is  filtered  through  a  dried  filter. 
From  the  filtrate  containing  the  urine  diluted  with  water  a  proper  quan- 
tity, corresponding  to  about  60  c.  c.  of  the  original  urine,  Ls  measured,  and 
exactly  neutralized  with  nitric  acid  addeil  fn)m  a  burette,  so  that  the  exact 
quantity  employed  is  known.     The  neutralized  mixture  of  urine  and  bar>'ta 
is  treated  with  the  pn)per  quantity  of  silver-nitrate  solution  necessar>'  to 
completely  precipitate  the  chlorides,  which  were  ascertained  by  a  [)revious 
determination.     The  mixture,  containing  a  known  vohune  of  urine,  is  now 
filtered  through  a  dried  filter  into  a  flask,  and  from  the  filtrate  an  amount 
is  measured  off  corresponding  to  10  c.  c.  of  the  original  urine. 

Execution  of  the  Titratk^n.  Nearly  the  whole  cjuantity  of  the  mer- 
curic-nitrate solution,  which  is  judged  from  the  si)ecific  gravity  of  the  urine 
to  be  the  minimum  amount  reriuired,  is  added  at  once,  and  immediately 
afterwarrla  the  quantity  of  soda  solution  necessarv,  as  indicated  by  the 
table.  If  the  mixture  becomes  yellowish  in  color,  then  too  much  mercury 
solution  has  been  added  and  anotlier  detennination  must  be  made.  If  the 
test  remains  white,  and  if  a  drop  taken  out  and  placed  on  a  glass  plate 
with  a  dark  background  and  stirred  with  a  drop  of  a  thin  paste  of  sodium 
bicarbonate  does  not  give  a  yellow  color,  tlie  addition  of  mer(!ur>'  solution  is 
continued  by  adding  J  and  then  ^\  c.  c,  and  testing  after  each  addition  in 
the  following  way:  A  drop  of  the  mixture  is  placed  on  a  glass  ])late  with  a 
dark  background  beside  a  small  drop  of  the  bicarbonate  paste.  If  the  color 
after  stirring  the  two  drops  together  is  .still  white  after  a  few  seconds,  then 
more  mercury  solution  must  be  added;  if,  on  the  contrary,  it  is  yellowish, 
then — if  not  too  much  mercur>^  solution  lias  been  added  by  inattc^ition — 
the  result  to  ^j^  c.  c.  has  been  found.  1  >y  this  approximate  determination, 
which  is  sufficient  in  many  cases,  we  have  fixed  the  mininumi  amount  of 
mercur}"  solution  necessar\^  to  add  to  the  quantity  of  urine  in  question, 
and  we  now  proceed  to  the  final  determination.  * 
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A  second  quantity  of  the  filtrate,  corresponding  to  10  c.  c.  of  the 
oria;inal  urine,  is  filterc^L  and  the  same  t|uantity  of  mercun-  solution 
added  at  one  time  as  was  foinifl  necessary  U>  produce  the  final  reiiction, 
ami  immediately  alt^r  the  corresponding  amount  of  soda  sulution, 
which  must  nut  indicate  the  end  of  the  reaction.  Then  continue  adding 
the  mercur}^  solution  ^V  c*  ^'  ^^  ^  ^I'^i^  without  neutralizing  with  sochi, 
untU  a  drrjp  taken  out  and  mixed  with  the  soda  solution  jEjives  a 
yeOow  cnl<jratit»n.  If  this  final  reaction  is  obtained  after  the  additioa 
of  QA-i}.2  c.  c,  tlicn  the  titration  may  be  coasidered  as  finished.  If,, 
on  the  cimtrary,  a  lai^ger  quantity  is  necesHa.r\\  the  addition  of  the  mer-^ 
cury  sokition  uuist  be  contiruieil  until  a  liual  reaction  is  oblatncHl  with 
simple  carbonate,  and  the  titration  repeater  I  again,  adiiiug  the  quan- 
tity of  mercun^  snlution  used  in  the  previous  test  at  one  time,  and 
also  adding  the  en rrespcj riding  amount  of  soda  solution.  If  then  the  end 
reaction  is  obtained  by  the  addition  of  ^^  <^'  C-,  the  titration  may  be 
considered  as  finished. 

If  in  each  titration  a  quantity  of  filtrate  containing  urine  and  bar\'^ta 
correspnoding  to  10  c.  c.  of  the  original  urine  is  used*  then  the  calculations 
are  very  simple,  since  I  c.  c.  of  mercuric-nitrate  solution  corresponds  to 
0.01  gram  of  urea.  As  the  mercury  solutir>n  is  made  hir  a  2  per  cent  urea 
t^dlution,  and  m  the  filtrate  of  urine  and  baryta  geni^rally  contains  k»ss 
urea  (if  the  rjuantity  f>f  urea  Is  above  2  per  cent,  it  is  eas}^  to  avoid  any  mis- 
take by  diluting  the  urine  at  the  beginning?  of  the  operation),  a  mistake 
occurs  here  wliich  can  be  corrected  in  the  following  way»  according  itv 
PFLiJfJER:  To  the  measured  volume  of  the  filtrate  from  the  urine  (the 
filtrate  with  bar>^ta  after  neutralization  with  nitric  acid,  precipitation  with 
silver  nitrate  and  filtration)  the  quantity  of  normal  srxla  solution  employed 
is  added ^  and  from  this  sum  the  volume  of  mercury^  solution  use<l  is  sub- 
tracted. The  remainder  is  then  miiltiphed  by  COS,  and  the  product  sub- 
tracted from  the  number  of  cubic  centimeters  of  mercury  solution  used. 
For  example,  if  the  filtrate  (uririe  and  baryta  +  nitric  acid  +  silver  nitrate) 
measured  25.8  c.  c,  and  the  number  of  cubic  centimeters  of  soda  sohuion 
used  in  the  titration  was  13.S  c,  c.  and  of  the  mercur>'  solution  20.5  c.  c,  we 
have  then  20.5 -[(:^c*J> -20.5)  X 0.08]  =  20.5 -1.53  =18.97,  and  the  corrected 
quantity  of  mercury  solution  is  therefore  18.97  c.  c.  If  the  cubic  centi* 
meters  of  the  filtrate  (in  this  case  25.8  c.  c.)  correspond  to  10  c.  c.  of 
the  oripnal  urine,  then  the  amount  of  urea  is  18/J7X0.01  =  0.1897=^  18.97 
p.  m.  urea. 

Besides  the  urea  other  nitrogenous  constituents  of  the  urine  are  precipi- 
tated by  the  mercury  solution.  In  the  titration  we  really  do  not  obtain 
the  quantity  of  urea,  but,  as  PFLrtJiiii  has  siiown»  the  tot^l  quantity  of 
nitrogen  in  the  urine  expresse^l  as  urea.  As  urea  contains  4(3.67  per  cent  X, 
the  total  quantity  of  nitro' en  in  the  urine  may  be  calculat^l  from  the 
quantity  of  urea  found.  The  results  obtained  by  tliis  calculation  cor- 
resjijond  well,  acc<jr<liuir  to  PFLLk;KE,  Avith  the  results  found  for  the  tota^ 
nitrogen  as  determined  by  Kjkldaul'S  method. 

Among  the  methods  suggested  for  the  special  estimation  of  urea,  that  of 
Morner-Sjoqvist,  in  combination  with  Folin's  method,  is  perhaps  the 
most  trustworthy  aod  readily  performed,  Ffir  this  reason  this  methml  only 
\iill  be  given  in  detail,  while  we  ma^i  refer  to  specia'  works  for  the  other 
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tnethods,  such  as  Bunsen's  method  with  its  many  modifications  as  sug- 
gested by  Pfluger,  Bohland  and  Bleibtreu.* 

Principle  of  MdmerSjdqvist's  Method,^    According  to  this  method  the- 
nitrogenous  constituents  of  the  urine,  with  the  exception  of  urea,  ammonia, 
hippuric  acid,  creatinine,  and  traces  of  allantoin  are  precipitated  by  a  mix- 
ture of  alcohol  and  ether  after  the  addition  of  a  solution  of  barium  chloride 
and  barium  hydrate  or  in  the  presence  of  sugar  with  solid  barium  hydrate. 
He  urea  is  determined  in  the  concentrated  filtrate,  after  driving  off  the 
ammonia,  by  Kjeldahl's  nitrogen  estimation.     Because  of  the  slight  error 
due  to  the  presence  of  hippuric  acid  and  creatinine,  several  modifications 
have  been  suggested  by  Salaskix  and   Zaleski   and    by  Braunsteix.* 
These  errors  are  best  prevented,  according   to   Morxer,  by  the  use  of 
Folln's  method. 

Principle  of  Folin's  Method,*  On  heating  urea  \vith  hydrochloric  acid 
«ttid  crj'stalline  magnesium  chloride,  which  melts  in  its  water  of  crystalliza- 
tion at  112-115°  C,  and  then  boil^  at  about  150-155°  C,  the  urea  Is  com- 
pletely decomposed,  while  no  mentionable  decomposition  of  the  hij^puric 
acid  and  creatinine  takes  place.  The  ammonia  produced  from  the  urea  is 
distilled  off  and  determined  by  titration.  The  amount  of  ammonia  pre- 
viously existing  in  the  urine  must  be  specially  determined. 

Determination  of  Urea  by  the  Mdrncr-Sjdqvist  and  Folin  MetJwd,^  Five  c.  c. 
of  the  urine  are  treated  with  1.5  grams  of  powdered  barium  hydroxide,  and 
when  as  much  of  this  is  dissolved  a>  possible  by  gently  mixing,  it  is  pre- 
cipitated by  100  c.  c.  of  the  alcohol  and  ether  mixture  (}  vol.  ether).  On 
the  followiuT;  day  it  Is  filtered  and  the  precipitate  wa-shed  with  the  alcohol 
and  ether  mixture.  The  alcohol  and  ether  are  distilled  off  from  the  filtrate 
at  about  55°  C.  (not  above  60°  C).  The  remaining  liquid  is  treated  with 
2  c.  c.  of  hydrochloric  acid  of  sp.  gr.  1.124  (for  5  c.  c.  urine),  and  carefully 
traasferred  to  a  flask  of  200  c.  c.  capacity,  and  evaporated  to  dr}'ness  on 
the  water-bath.  Then  add  20  granLs  of  crystalline  magnesium  chloride  to 
the  contents  of  the  flask  and  2  c.  c.  of  concentrated  hydrochloric  acid,  and  boil 
on  a  wire  gauze  over  a  small  flame  for  two  hours,  making  use  of  a  proper 
return  cooler.  After  cooling  it  is  diluted  to  about  ]  to  1  liter  of  water,  the 
ammonia  completely  distilled  off  after  making  it  alkaline  with  caustic  soda, 
and  the  ammonia  collected  in  standard  acid.  After  boiling  in  order  to  drive 
off  the  COj  and  cooling,  the  acid  is  rotitrated.  Corrections  must  be  made  for 
the  ammonia  of  the  urine  and  for  that  contained  in  the  magnesium  chloride. 

If  a  special  determination  of  tho  preformed  ammonia  has  been  made,  then  a 
direct  treatmen!;  of  the  urine  according  to  Folin  (nevertheless  after  the  evajio- 
rationof  the  urine  with  hydrochloric  acid)  gives  good  results.     In  the  presence  of 

» Pfluger's  Arch.,  38,  43,  and  44. 

'Skand.  Arch.  f.  Physiol.,  2,  and  Monier,  ibid.,  14,  where  the  recent  literature 
may  also  be  found. 

*  Braunstein,  Zeitschr.  f.  physiol.  Chem.,  31;  Salaskin  and  Zaleski,  ibid.,  28. 
*Zeitschr.  f.  physiol.  Chem.,  32.  3(5,  and  37. 
•See  Momer,  Skand.  Arch.  f.  Physiol.,  14. 


iigar  the  treatment  of  the  urine  with  barium  hydroxide  is  ahsoltttely  J 
'iccording  to  Murxer,  otherwise  the  humrn  Bubstances  produced  ffOBi  the  i 
take  up  uikI  retain  nitrtigeu. 

Knop-Hifner's  method*  is  based  on  the  fact  that  urea,  by  the  aetkfii 
sodium  hyjK>bromite,  sphts  into  water^  carbon  dioxide  (which  dissolves  in  tfe  ^ 
AlkaU),  and  tiitrogeru  whose  volume  is  measured  (see  page  473 ».  This  metboti 
is  less  arrurate  than  the  preceding  ones,  and  therefore  in  *«eientific  work  i(  is 
discarded.  It  is  of  value  to  the  physician  and  for  practical  purposes,  brcau» 
of  the  ease  and  rapidity  with  which  it  may  be  performed,  even  though  it  my 
not  give  very  accurate  results.  For  practical  purposes  a  series  of  different  apjiu- 
ratus  have  been  constructed  to  facilitate  the  use  of  this  method* 

For  the  ciuantitative  estimation  of  urea  iti  blood  or  other  animal  fliiiii5, 
as  well  as  in  the  tis,sues,  SrHoxDORFF  hiis  pmjK>8ed  a  nietluxi  where  the 
proteids  antl  extractives  are  first  i»reeipitated  Vjy  a  mixture  of  phospho- 
tuiigE<tic  acid  and  hydRichlorie  acid,  and  then  the  filtrate  made  alkaline 
vnih  linic.  The  quantity  of  ammonia  fornieil  on  heating  a  part  of  tte 
filtrate  to  15C  C.  with  phosphoric  acid  and  the  amount  of  carbon  dioxitle 
produce<l  by  heating  the  other  part  to  150°  C.  are  determined.  In  recanl 
to  t!ie  prineiptt*^  of  this  methoiL  as  w^cll  as  to  the  details,  we  refer  to  the 
original  article  (Pflixjkr's  .\rch,,  02),  See  also  HorPE-SEYLER-THitB- 
FELDKK^s  Handbiich.,  7.  Aufl. 

Urein  is  the  name  ^ivcn  by  OvTO  Moor  to  a  product  which  he  obtained  by 
extracting  the  urine,  which  had  been  evaporated  to  a  s>TUp,  with  absolute  alcohol 
and  preci|>itating  the  urea  with  alcohol  containing  oxahc  acid,  or  by  cooling  and 
treatment  with  alcnhoL     Urein  is  a  golden-yellow  oil  wtiich  h  poisonous;  it  w 
duces  [>ermanganale  in  the  cold  and  it  forms  the  chief  i>ortion  of  the  nitro|;cn0tt9 
extractives  of  the  urine.     Tliere  is  no  doubt  but  that  urein  is  a  mixture  of  sub- 
stances.    According  to  ^Ifion^^  the  amount  of  urea  in  the  urine  is  only  about 
one  half  that  ordinarily  given,  and  lie  has  suggested  a  new  method  for  the  deter- 
mination of  the  true  quantity  of  urea.     The  ixx^sibility  that  in  the  urine  we  have 
other   bodies  liesides  urea  which  have  been  determirted  with  the  urea  must  not 
l>e  denied  a  prwn.     From  the  investigations  published  thuis  far  it  must  be  saki 
that  Moor's*  assertions  are  not  sufficiently  grounded.* 

Cafbamjc  Acid,  CH3N02=*ro<QTj^    This  acid  is  not  known  in  the  free  state, 

but  only  as  salts.  Ammonium  carbamate  is  produced  by  the  action  of  dry  ammo- 
nia on  dr}'  carbon  dioxide.  Carbamic  arid  is  also  produced  by  the  acticm  of 
potavssium  |>ermanganate  on  |>ruteid  and  several  tjther  nitrogenous  organic  bodies. 
The  occurrence  of  carbamic  acid  in  human  and  animal  urines  has  alrejidy 
been  consiilereil  in  connection  with  the  formation  of  urea.  The  calcium  salt,  which 
is  soluble  in  water  and  anunonia  but  ins*>luble  in  alcohol,  is  the  most  important 
in  the  detection  of  this  acid^  The  solution  of  the  calcium  sah  in  water  becomes 
chnidy  on  standing,  but  much  quicker  on  boiling,  and  ealcium  carbonate  sepa* 
rates.  No[.F  *  has  made  investigations  on  the  formation  and  detection  of  car- 
bamic acid,  which  question  the  special  physiological  origin  of  carbamic  acid, 

»  Knop,  Zeitschr.  f.  analyt.  Chem.,  9;  Hiifner,  Journ.  f.  prakt,  Cbein.  (N.  R),  t. 
In  regard  to  the  extensive  literature,  see  Huppert-Neubaucr,  10.  Aufl.,  304,  and  follow- 
ing. 

*0.  Moor,  Bull.  Acad,  de  8t.  PtHersbourg,  14  (also  Maly's  Jabr^ber,  SI,  41$); 
ajid  Zeitschr.  f.  Biologic,  44,  and  Zeitschr,  f.  physiol.  Chera.,  40. 

*See  Kubiabko,  Midy'a  Jahresber.,  31,  415;  Erben.,  Zeitschr.  f.  physiol.  CbeoLf 
58;   Folin,  ibid.,  37. 

*  Zeitschr.  f.  phj'aioL  Chem.,  23. 
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Cor&amtc  acid  eihylester  (urethan),  as  shown  bv  Jaff£/  may  pass,  by  the 
mutual  action  of  alcohol  and  urea,  into  the  alcoholic  extract  of  the  urine  when 
vorking  with  large  quantities  of  urine. 

,NH CO 

Creatmine,  C^H^NjO,  or  NH:C\  I      ,  is  generally  considered  as 

\n,CH3).CH, 
the  anhydride  of  creatine  (see  page  383)  found  in  the  muscles.    It  occurs 
in  human  urine  and  in  that  of  certain  mammalia.    It  has  also  been  found 
in  ox-blood,  milk,  though  in  very  small  amounts,  and  in  the  flesh  of  certain 
fishes. 

Johnson  's  statement  that  the  creatinine  of  the  urine  is  different  from  that  pro- 
duced by  the  action  of  acids  on  creatine  is  incorrect  according  to  Toppeuus  and 

I^OMMEREHNB,    WOERNER   and   TlIELEN.* 

The  quantity  of  c  eatinine  in  human  urine  is,  in  a  grown  man  voiding  a 
normal  quantity  of  urine  in  the  course  of  a  day,  0.(>-1.3  grams  (Neubauer), 
or  on  an  average  1  gram.  Johnson  *  found  1.7-2.1  grams  per  day.  Tlie 
quantity  Is  dependent  on  the  food  and  decreases  in  starvation.  Sucklings 
do  not  generally  eliminate  any  creatinine,  and  it  only  appears  in  the  urine 
when  the  milk  is  replaced  by  other  food.  The  quantity  of  creatinine  in 
urine  varies  as  a  lule  with  the  quantity  of  urea,  although  it  is  increased 
more  by  mept  (because  the  meat  contains  creatine)  than  by  proteid.  Grocco, 
Mo  TE'siER,  and  Gregor  claim  that  the  elimination  of  creatinine  is  in- 
creased by  muscular  activity,  but  according  to  Oddi  and  Tarulli  *  this  is 
only  true  for  excessive  activity.  The  behavior  of  creatinine  in  disease  is 
little  known.  By  increased  metabolism  the  amount  is  increased,  while  by 
decreased  exchange  of  material,  as  in  anaemia  and  cachexia,  it  is 
diminished. 

Creatinine  crj^stallizes  in  colorless,  shining  monoclinic  prisms  which 
differ  from  creatine  crystals  in  not  becoming  white  with  loss  of  water  when 
heated  to  100°  C.  It  di&solves  in  11  parts  cold  water,  but  more  easily  in 
warm  water.  It  is  difficultly  soluble  in  cold  alcohol,  })ut  the  statements 
in  regard  to  its  solubilities  differ  widely.'  It  is  more  soluble  in  warm  alcohol 
and  nearly  insoluble  in  ether.  In  alkaline  solution  creatinine  is  converted 
into  creatine  very  easily  on  warming. 

Creatinine  gives  an  easily  soluble  crystalline  combination  with  hydro- 
chloric acid.     A  solution  of  creatinine  acidified  with  mineral  acids  gives 

'  Zeitschr.  f.  physiol.  Chem.,  14. 

'S.  Johnson,  Proceed.  Roy.  Soc,  42,  43;  Chem.  News,  55;  Toppelius  and  Pom- 
merehne,  Arch.  f.  Pharm.,  234;   Woemer,  Dii  Bois-Reymond 's  Arch.,  1898. 

'  Huppert-Neubauer,  Hamanalyse,  10.  Aiifl.,  387. 

*  Grocco,  see  Maly's  Jahresber.,  16;  Moitessier,  ibid.,  21;  Oddi  and  Tarulli,  ibid., 
24;  Gregor.  Zeitschr.  f.  physiol.  Chem.,  31. 

•See  Huppert-Neubauer,  10.  Aufl.,  and  Hoppe-Seyler-Thierf elder's  Handbuch, 
7.  Aufl. 
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crystalliBe  precipitates  with  phosphotxingstic  or  phosphomolybdic  acids 
even  in  very  dilute  solutions  (1:10,000)  (Kerxer,  HoFiiEisTER*).  It  is 
precipitated,  like  urea,  by  mercuric-nitrate  solution  and  also  b}"  mercuric 
chloride.  On  treating  a  dilute  creatinine  solution  %iith  sodium  acetate  and 
then  udth  mercuric  chloride  a  precipitate  of  glassy  globides  having  the 
composition  4{C^H7Xj|O.HQ.HgO)3Hf^Cl3  separates  on  standing  Jiome  time 
(Johnson*).  Among  the  compounds  of  creatinine,  that  with  zinc  cliloride, 
creatinine  zimxhUyridej  {Q^^y^  ^0)2^1x0^,  is  of  special  ijiterest.  This  com- 
bination is  obtained  when  a  sufficiently  concentrated  solution  of  creati- 
nine in  alcohol  is  treated  with  a  concentrated,  faintly  acid  solution  of 
zinc  chloride.  Free  mineral  acids  dissolve  the  combination,  hence  they 
must  not  be  present:  this,  however,  may  be  preventetl  by  an  addition  of 
sodium  acetate.  In  the  impure  state,  as  ordinarily  obtained  from  urine, 
creatinine  zinc-chloride  forms  a  sandy,  yellowish  powder  which  under  the 
microscope  appears  as  fine  neetlles  forming  concentric  gnjups,  mr»stly  com- 
plete rosettes  or  yellow  Lidls  or  tufts,  or  grouped  as  brashes.  On  slowly 
crystallizing  or  when  very  pure,  more  sharply  defined  prismatic  crystals 
are  obtaine<L    This  combination  is  sparin^^ly  soluble  in  water 

Creatinine  acts  as  a  re<iucinj;  a^^eiit.  Mercuric  oxide  is  reduced  to 
metallic  mercury,  and  oxalic  acid  and  methylguanidine  (raethyluramine) 
are  formed.  Creatinine  also  raluces  cupric  hydrate  in  alkaline  soluiicm^ 
forming  a  colorless  soluble  combination,  and  only  after  continuons  bolUng 
with  an  excess  of  copper  salt  is  free  suboxide  of  copper  formed.  Creatinine 
interferes  with  Trommer^s  test  for  su^ar.  ]>artly  becaase  it  has  a  reducing 
action  and  partly  by  retaining  the  copper  sulfoxide  in  solution.  The  com- 
bination with  copper  suboxide  b  not  soluble  in  a  saturated  soda  solution,  and 
if  a  little  creatinine  is  diss<ilved  in  a  cold  saturated  soda  solution  and 
then  a  few  dropa  of  Fehun(;'s  reagent  atlded,  a  white  flocculent  combina- 
tion separates  after  heating  to  50-60'*  C*  and  then  cooling  (v.  Maschke's  * 
reaction).  An  alkaline  bisnmth  solution  (see  Sugar  Tests)  is  not  reduced 
by  creatinine. 

If  we  add  a  few  drops  of  a  freshly  prepared  vcr>'  dilute  sodium  nitro-pr 
sid(?  solution  (sp.  gr.  1.003)  to  a  dilute  creatinine  solution  (or  to  the  urine)  and ' 
then  a  few  drops  of  caustic  sc^da,  a  ruby-red  liquid  is  obtained  which  ciniekly 
turns  yellow  again  (Wkyl*s'  reaction).  If  the  cold  yellow  solution  is 
neutralized  and  treated  witli  an  excess  of  acetic  acid  a  crystalline  precipi- 
tate of  a  nitroso  compound  (CJlgX^Oj)  of  creatinine  separates  on  stirring 
(Kramm  *),  If,  on  the  contrao^  the  yellow  solution  is  treated  with  an 
excess  of  acetic  acid  and  heate<:l,  the  solution  becomes  first  green  and  then 


»  Kemer,  Pfluger'a  Arch  ,  t\  Hofmeiater,  Zeitschr.  f.  phj'siol,  GhenL,  & 

■Zeitschr.  f.  analyt,  Chom.,  17, 

•  Ber  d.  doutJ»ch,  chem.  Geaellftchf  11. 

*Centralbl  f.  d  med.  Wissetisch,,  1897. 
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blue  (Salkowski  *) ;  finally  a  pret^ipitate  of  Prussian  blue  is  obtained.  If  a 
solution  nf  creatinine  in  water  (or  urine)  is  treatetl  with  a  wat^n^  solution 
(>f  picric  acid  and  a  few  drops  of  a  dilute  caustic-soda  solution,  a  red  coi>ra- 
tion  lasting  several  hours  occurs  inuueil lately  at  the  ordinar}^  temperature, 
which  turns  yellow  on  the  adclitioti  of  acid  (Jaffi^'s^  reaijtion).  Ace- 
totie  gives  a  more  rcildish-yellow  eolor»  Dextrose  gives  with  this  reagent 
a  red  eoloration  only  after  heating. 

In  preparing  creatinine  from  urine  the  creatinine  zinc-chloride  is  first 
proparLsl  liccording  to  Neubauer's  *  methorl.  One  liter  (ir  more  of  urine  is 
treated  with  milk  of  hnie  until  alkaline  and  then  CaCh  solution  is  added 
until  all  the  idiosphoric  acid  is  pnx'ipitated.  The  filtrateiseva|>orat'LHl  to  a 
s>yrup  after  faintly  acidifying  with  acetic  acid  and  this  treated  while  still  warm 
with  97  per  cent  aleuhi»l  (about  200  c.  c.  f^r  eacli  liter  of  urine),  .\fter 
about  twelve  hours  it  is  filtered  and  the  filtrate  treate^l  first  with  a  little 
fiodium  acetate  ami  then  with  an  aci<l-fre*e  zinc-ehlr»ride  solution  of  a  si>ecific 
gravity  of  L2(l  (alwMit  2  c,  e.  fur  each  liter  of  urine),  Mter  thorough  stir- 
ring it  is  allowe<l  tf>  staiitl  forty-ei'i;lil  hours,  the  i)re<"ipitate  cnllecte<l  fin  a 
filler  and  wasfied  witli  alcohol,  llie  creatinine  ziiic-chlurirle  is  diss<»ived 
in  hnt  wat^:!r,  boihxl  with  lead  oxide,  filtered,  the  filtrate  decolorized  by 
animal  charccml,  evaporated  to  dryness,  and  the  residue  extracted  with  strong 
alcoliul  {which  lea\'es  the  creatine  undissohTd).  The  alcoholic  extract  is 
evajiorated  to  the  point  of  ciy'stallization,  and  the  crystals  purified  by 
ref:r\'Stallization  from  water. 

Creatinine  may  also  l>e  prepared  from  urine  by  precipitating  with 
a  m::"rcuric-chloride  solution  according  to  either  Maly's  or  Johnson's* 
process, 

TliM  qmintitalipe  estimation  of  rnadmni'  may  be  performer!  according  to 
N^:nnArER's  method  for  the  preparation  of  creatinine  or  more  simply  by 
8ALJvn\vsKr.s  '•  modification  of  this  method.  240  c.  c.  of  the  urine  frewl  from 
proteid  (ijy  boiling  with  acid)  and  from  sugar  (by  fermentation  with  yeast) 
are  made  alkaline  with  milk  of  lime,  and  precipitated  by  Cati,  and  nuule  up 
10  3(K)  c.  c.  250  c.  c.  (  ^200  c,  c.  urine)  uf  this  are  measuretl  oil.  neutralized 
or  ma<le  only  faintly  acid  witli  acetic  acid  and  evaporated  to  about  20  c.  c, 
theti  thoroughly  stirred  with  an  etpial  volume  of  absolute  alcohol,  and 
completely  transferred  to  a  KM)  c.  c.  flask  which  contains  some  alcnhol, 
the  residue  in  the  dish  being  washe<l  with  alcohol.  On  thorough  shaking 
and  cooling,  the  Wiink  Ls  filled  up  to  the  100  c.  c.  mark  with  absolute  alcohol 
and  allowed  to  ntarid  twenty-four  hcmns.  SO  c.  e.  (  =  160  c.  c.  urine)  of 
the  filtrate  are  collected  in  a  beaker  and  treatal  with  0.5-1  c.  c.  of  zinc- 
chloride  solution,  and  the  coveral  l>eaker  is  left  standing  in  a  cool  place 
for  two  or  three  days.  The  precip'tate  is  cfdlected  on  a  small  dried  and 
weigheil  liher.  using  the  filtrate  to  wash  the  crv^stals  from  the  beaker. 

?r  allowing  the  crystals  to  completely  drain  off,  they  are  waslvc^l  with 

ttle  alcohol  until  the  filtrate  gives  no  reaction  for  chlorine,  and  dried  at 


'  Zdtschr.  f.  ph}'BioL  Chem.,  4. 

>AntK  d.  Chem.  u.  Fbami,,  110. 

*Maly,  Arvnat  d.  Chem  ii.  Phami,,  ITj^;  JohrtBon,  Proceed.  Roy.  Soc,  48w 

*  Zeitsohr.  f.  physiol  Cheni,,  10  ami  14. 
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100"^  C.  100  parts  of  creatinine  zinc-elilorkle  contain  62.44  parts  of  creatinlnft 
As  the  precipitate  i  ^  never  quite  pure,  the  quantity  of  zinc  must  be  euiv 
fully  determined,  in  exact  experiments,  by  evaporating  with  nitric  arid, 
hcfltino;,  washing  the  oxide  of  zinc  with  water  (to  remove  any  NaCl),  dry'w^, 
heiiLiiijK,  iHid  weighing.  22.4  part.s  zinc  oxide  corre^ixmd  to  100  \mrU 
creatinine  zinc-chloritie.  Inytead  of  weighing,  the  nitrogen  can  be  lielif- 
inined  Ijy  IvjELOAnL'ri  nielhod  and  the  creatinine  calciilateil  frcfni  this. 
In  r^ard  to  other  methods,  see  the  works  of  Kolisch  and  Grkg<3r.^ 

Xanthocreatiume,  QHi^jN^O.  Tliii^  bmiy,  which  was  first  prepared  from  meit 
extract  by  IiAITIEu,  has  l>een  found  by  Monaki  hi  dog's  urine  after  the  injcftian 
of  crcatirnno  into  the  abdomiimt  cavity,  and  in  human  urine  after  scveraJ  iiouis 
of  exhausting  manhing.  According  to  CVu^asanti  it  occurs  to  a  relatively  irreiter 
extent  in  lion  Is  urine.  STAiiTiiAtiKN  '  considers  the^  xiuithocreatinine  iwjUted 
froni  human  urine  after  .strenuous  miisfular  ^activity  as  impure  fTeatininc. 

Xanthocreatinine  forms  thin  sulphur-yellow  |ilates,  t?imilar  to  dmlMcnn, 
which  have  a  bitter  taste.  It  di.<*iolves  in  cold  water  and  in  alcohol,  arul  pvc« 
a  crystiilFiue  conn tiina lion  with  hydrochloric  acid  and  a  double  enmjx)uud  with 
gold  and  platinum  chloride.  It  gives  a  combination  with  zinc  chloride,  wijicb 
crystallizes  in  fine  needles.     Xanthocreatinine  has  a  pois(»noujs  action, 

IIX— C^O 

I       I 
Uric  Acid,  Ur,  CsH.N^Oa,  2,  6,  S-triox\i)urin=  CC     C— NHv 

I      II  >C0,  ba» 

HN— C— NH/ 

been  prepared  synthetically  by  Horbaczewsiq  by  fusing  urea  and  glycocoH 

or  by  Imating  triehlorlactic  acid  amide  with  an  excess  of  urea.     BehriiSO 

and  RoosEX  prepared  it  from  Lsodialurie  acid  and  urea;   it  is  ako  readily 

produce<l  from  isouric  acid  on  boiling  with  hydrochloric  acid  (E.  FisthkR 

ami  TfLLNKu),  and  finally  E.  Flschkr  and  Acn  *  have  prepared  uric  acLl 

>om  p^sendouric  aci<l  by  heating  with  oxalic  acid  to  145°  C. 

On  strongly  beating  uric  acid  it  decomposes  with  the  formation  of 

area  J    fufdroq/amc   acffi,  cyanurtc   acid,  autl   ammonia.      On    heating   with 

concentrated  hydrochloric   acid  in  sealerl  tul>es   to  170°  C.  it  splits  into 

glycocollf  carbon  dioxide j  and  ammonia.     By  the  action  of  oxidizing  agents 

s|ilittiug   and  oxidation   take   place,   and   either   monoureids   or   diureids 

are    pmduccd,      i^y  oxidation  with   lead    pcn>xide,  carbon    dioxide,  njtdic 

add,    urea,  and    aUanioinf  which    hist    h    glyoxyldiureid,  are    produced 

(see  below).     By  oxidation  with  nitric  acid  in  the  cold   urea  and   a  nioiio- 

ureid,   the    mesoxalyl    urea,   or     alloxan,   are    obtained,   CsH^N^*"),-!-!)^ 

HjO^C^HjNjO^+XNHj)^^,     On  warming  with  nitric  acid,  alloxan  yiekb 

carl>on   dioxide,  and   oxal}'!  urea,  or  parabanic  acid,  CaHjN^O^.      By  the 


'  Kolisch,  Centralbl.  f.  inner©  Med  ,  1895;  Gregor,  Zeitachr,  f.  phyaiol,  Chem,,  81, 
'Gautier,  BuU,  de  I'acad.  de  med.  (2),  5.  and  Bull,  de  la  8oc.  Chem.  (2),  4-**;  Moa&ri, 

Maly'a  Jahresber.,  17;    Colasanti,  Arck  ital.  d.  Biologie,    15,  Fasc.  3;    Stadthagen, 

Zeitschr.  f.  klin.  Med..  U, 

*  Horhaczewski,  Monatshefte  f.  Chem.,  6  and  8;   Bebrend  and  Roosen,  Bcr.  d,  d. 

chem.  Ge&elkcb.j  21;  Fischer  and  TuUiicr^  ibid.^  3«;  Fischer  and  Ach,  ibid  ,  2H. 
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addition  of  water  the  parabanic  acid  passes  into  oxaluric  acidj  Cfl^^2^i> 
traces  of  which  are  found  in  the  urine  and  which  easily  split  into  oxalic 
idd  and  urea.  In  alkaline  solution  uric  acid  may,  by  taking  up  water 
and  oxygen,  be  transformed  into  a  new  acid,  uroxanic  acid,  CsHgN^O^j 
ihich  may  then  be  changed  into  oxonic  acid,  C4H5N3O4.*  Uric  acid  may, 
as  F.  and  L.  Sestini  as  well  as  Gerard  have  shown,  undergo  bacteiial 
femientation  with  the  formation  of  urea.  According  to  Ulpiani  and 
CiNGOLAXi,^  uric  acid  is  quantitatively  split  hereby  into  urea  and  carbon 
dioxide,  according  to  the  equation: 

C,H,N,03+2HjO+30=3C02+2CO(NHj)2. 

I         Uric  acid  occurs  most  abundantly  in  the  urine  of  birds  and  of  scaly 

'     amphibians,  in  which  animals  the  greater  part  of  the  nitrogen  of  the  urine 

appears  in  this  form.     Uric  acid  occurs  frec|uently  in  the  urine  of  caniiv- 

orous  manmialia,  but  is  sometimes  absent;    in  urine  of  hcrbivora  it  is 

habitually  present,  though  only  as  traces;    in  human  urine  it  occurs  in 

greater  but  still  small  and  variable  amounts.    Traces  of  uric  acid  are  also 

found  in  several  organs  and  tissues,  as  in  the  spleen,  lungs,  heart,  pancreas, 

Kver  (especially  in  birds),  and  in  the  brain.     It  habitually  occurs  in  the 

blood  of  birds.    Traces  have  been  found  in  human  blood  under  normal 

conditions.     Under  pathological  conditions  it  occurs  to  an  increased  extent 

in  the  blood  as  in  pneumonia  and  nephritis,  but  especially  in  leucaemia  and 

sometimes  ako  in  arthritis.     Uric  acid  also  occurs  in  large  quantities  in 

"chalk-stones,"  certain  urinary  calculi,  and  in  guano.     It  has  also  been 

detected  in  the  urine  of  insects  and  certain  snails,  as  also  in  the  wings  (which 

it  colors  white)  of  certain  butterflies  (Hopkins).' 

The  amount  of  uric  acid  eliminated  with  human  urine  is  subject  to 
considerable  individual  variation,  but  amounts  on  an  average  to  0.7  gram 
per  day  on  a  mixed  diet.  .The  ratio  of  uric  acid  to  urea  varies  consider- 
ably with  a  mixed  diet,  but  is  on  an  average  1:50-1:70.  In  new-bom 
infants  and  in  the  first  days  of  life  the  elimination  of  uric  acid  is  relatively 
increased,  and  the  relation  between  uric  acid  and  urea  has  been  found  to 
be  1 :6.42-17.1. 

We  used  to  ascribe  an  increasing  action  upon  the  elimination  of  uric 
acid  to  proteid  food,  but  the  investigations  of  IIirschfeld,  Roskxfeld 
and  Orgler,  Siviix,  Burian  and  Schur,*  and  others  have  positively 
proven  that  a  diet  rich  in  proteid  does  not  itself  increase  the  elimination 

*  See  Sundwik,  Zeitschr.  f .  physiol.  Chera. ,  20. 
'See  Chem.  Centralbl.,  1903,  where  the  other  investigators  are  cited. 
•Philos.  Trans.  Roy.  Soc.,  186,  B.,  661. 

*Sec  the  extensive  review  of  the  literature  in  Wiener,  '*Die  Hamsaure'*  in  Ergeb- 
der  Physiologie,  1,  Abt.  I,  1902. 
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of  uric  acid  but  only  according  to  the  amount  of  nucleins  or  purin  bodie^j 
contained  therein.  The  common  statement  that  the  elimination  of  uric 
acid  is  smaller  with  a  vegetable  diet  than  \\ith  an  animal  diet,  when  the 
quantity  may  be  2  grams  or  more  per  twenty-four  houiSj  is  explained  by 
this.' 

The  statements  in  regard  to  the  influence  of  other  circumstances, ; 
Bhu  of  different  substances,  on  the  elimination  of  uric  acid  are  father 
contmdicton'.  This  is  in  part  due  to  the  fact  that  the  older  investi- 
gators usetl  an  inaccurate  metliod  (Heixtz),  and  also  that  the  extent  of 
uric-acid  elimination  is  dependent  in  the  first  place  upon  the  indivnduality. 
Thus  the  statemeJits  in  r^ard  to  the  action  of  drinking-water  *  and  of 
alkalies  *  are  xery  contracUctor\%  Certain  medicines,  such  as  quinine  and 
atrf»pine,  diminish,  while  others^  such  as  pilocarpine  and  also,  as  it  seems, 
salicylic  acid/  increase  the  elimination  of  uric  acid. 

Little  is  known  with  posit iveness  in  regard  to  the  elimination  of  uric 
acid  in  disease.  In  acute  diseases  ^\ith  crises  the  elimination  of  uric  acid  is 
increast^l  after  the  crisis,  while  the  older  statements  that  the  uric  acid  is 
habitually  increased  in  fevers  has  been  contradicted  by  many.  The  state- 
ments in  r^ard  to  the  elimination  of  uric  acid  in  gout  and  nephritis  are  also 
uncertain  and  contradiet<jr}\  In  leucs&mia  the  elimination  is  increased 
absolutely  as  well  as  relatively  to  the  urea  and  the  relationship  between 
the  uric  acid  and  urea  (total  nitn>gen  recalculated  as  ure^)  may  be  even 
1 : 9,  while  under  normal  conditions,  according  to  different  investigators, 
it  is  1  :  40  to  60  t<^  1(KK* 

Fommiion  of  Uric  Acid  in  ike  Organism,  Since  Horbaczewski  first 
showed  that  uric  acid  could  be  produced  by  oxidation  from  the  nuclein  rich 
spleen  pulp  or  nucleins  outside  vi  the  body  he  also  showed  that  nucleins 
when  intrcMJucedinto  the  animal  body  caused  an  increase  in  the  elimination 
of  uric  acid.  These  observ  ations  have  been  confirmed,  and  at  the  same 
time  developoi  by  the  work  of  a  great  nmnber  of  investigators,  and 
we  are  sure  that  uric  acid  can  be  produced  from  purin  bodies  either  outside 
or  inside  the  animal  body  and  ako  that  food  rich  in  nucleins  (especially 
the  thymus  gland)  increase  the  elimination  of  uric  acid  and  purin  bases 


» J.  Rank<?,  Iksoliiichtungen  und  "l^rsuohe  liber  die  Ausscheidung  der  Harnsaure. 
etc.  (Munchen,  1858);  Mares,  Centralbl.  f.  d,  m^.  AVissensck,  1888;  Horbaczew&ki, 
Wicn.  SitJUinRsbcr*  100.  Abt.  3,  IS^JL  In  regard  to  the  action  of  vanoiift  dietjR  tbe 
reader  is  referred  to  the  aJiove-cited  authors,  and  cspeeialiy  to  A.  Hermann,  Arch.  f. 
klJn,  Med,  \Z,  and  Camerer,  Zeiteehr  f.  Biologie,  3^. 

*8ee  SchondorfT;  Pfluger^a  Arch.,  4ft,  which  contains  the  pertinent  literature. 

*See  OixT,  tVntrulIjl  f.  d,  mt>d  Wisaench,,  18SS;  Haig,  Joum.  of  Physiol.,  8;  and 
A.  Hennaniit  Arch,  f   klin.  Med.,  43. 

*See  Bohland.  cited  from  Maly's  Jahresber,,  2ft;  S€;hreil>er  and  Zaudy*  (bid.,  80. 

•In  regard  to  the  extensive  literal  ore  on  the  elimination  of  uric  acid  in  diaettse 
pre  riutst  refer  lo  gpci'ial  works  on  internal  diseases. 
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(alloxuric  bases  *)'  Kutscher  and  Seemann  '  have  oxidized  thymus  nu- 
cleic acid  in  weak  soda  solution  with  calcium  permanganate  and  obtained 
no  uric  acid,  but  only  gvianL lino  and  urea,  Base<l  on  thei^e  ol^en'ations  the 
pmcluction  of  uric  acitl  by  the  oxidation  of  purin  bases  from  the  nucleins 
is  less  probable.  The  original  view  of  Horbaczewbki^  that  the  nucleins  do 
not  direc^tly  cause  an  inrreai^ed  elimination  of  uric  acit!,  but  indirectly  by 
causing  a  leucoc}'tosii5  with  a  fi>llowing  tlestniction  of  leucocytes,  Inis  been 
nearly  generally  discarded.  At  present  it  Is  considererl  thai  a  direct 
fiirniation  of  uric  acid  fnim  the  naclein^^  takes  place  by  the  transformation 
of  the  purin  kises  of  the  nucleins  into  uric  acid. 

The  uric  a  id,  in  so  far  as  it  is  produced  from  nuclein  bases,  is  in  part  de- 
rived from  the  nucleins  of  the  destroyed  cells  of  the  body  and  in  part  from  the 
iiucieinsor  free  purin  lia.st's  introduced  with  the  frHub  It  is  therefore  pos- 
sible to  mlmit  with  Hikiax  and  J:>rHrR  *  of  a  douVile  origin  for  the  uric 
acid  as  well  as  the  urinaiy  i>urins  (all  purin  bodies  of  the  urine  with  theexceji- 
tion  o  the  uric  aciil),  namch',  an  enthijrnous  and  an  exogenous  origin. 
BuRiAN  and  ScKtm  attempted  to  determine  the  quantity  of  endogenous 
urinar}^  pnrins  by  feeding  with  siif!icient  food,  but  as  free  as  possible  from 
purin  Ixnlies,  and  they  found  that  this  quantity  was  constant  for  every 
individual,  while  it  waa  variable  for  different  persons.  Other  invest -gators, 
such  as  ScHREiDEH  and  Waldvogkl  and  LoEWt.^  have  arrive<l  at  somewhat 
different  results,  or  they  draw  different  deiluctions  from  tlielr  obser^'ations; 
still  they  do  not  change  it  essentially,  namely,  that  the  uric  acid  originating 
frf>m  the  nucleins  is  partl>'  enilogenous  and  partly  exogenous. 

In  man  and  other  raanuualia,  the  greatest  amount  if  not  all  of  the 
uric  acid  originates  from  the  nucleins  or  their  purin  bases.  In  birds  the 
condition  is  diffcretit.  v.  Mach  *  has  shown  that  in  these  animals  a  part  of 
the  lU'ic  acid  may  be  formed  from  the  purin  bodies.  The  ehief  quantity 
of  uric  acid,  however,  is  undoubtedly  formed  in  birds  by  synthesis. 

Tlie  formation  of  uric  acid  in  birds  Is  Increased  by  the  administration 
of  ammonium  salts  (v.  Schroder)  and  urea  acts  in  a  similar  manner  in 
these  animals  (Meyer  and  Jaff^).  Mixkowski  observed  in  geese  with 
extirpated  livers  a  ver^^  significant  decrease  in  the  elimination  of  uric  acid, 
while  tlie  elimination  of  ammonia  was  increasetl  to  a  corresponding  d€«:ree- 
Til  s  indicates  a  participation  of  ammonia  in  the  formation  of  uric  acid  in 

'  Ab  it  19  not  within  the  scope  of  this  book  to  enter  into  u  diecussioii  of  the  numerous 
rescttit'hea  on  ihis  gubjt*ct,  we  will  refer  to  Wiener,  "Die  Hamsaure/'  Ergebtiisse  der 
rhvsiol  ,  1.  Aht.  I,  1902, 

'  Ber.  d,  d.  Chcra.  Geselbch,,  36. 

•  Pfluger*9  Arch.,  m.  87,  and  94. 

*  Scbreiber  and  Widdvogel.  Arch.  f.  cxp.  Path.  u.  Pharm.,  42;  0.  Loewi,  tfrui.,  44 
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the  oi^anism  of  birds ;  and  as  Minkowski  has  also  found  after  the  extirpa- 
tion of  the  liver  that  considerable  amounts  of  lactic  acid  occur  in  the  urine, 
it  is   probable   that  the  uric  acid  in    birds  m  produced  in  the   liver  by 
synthesis,  perhaps  from  lactic  acid  and  anmionia;  although  as  S,\i.askin 
and  Zaleski   and  Lang   have  shown  after  the  extirpation  of  the  liver 
primarily  an  increase  in  the  formation  of  lactic  acid  occurs  and  this  causes . 
an  increase  in  the  eUmination  of  ammonia  (neutralization  ammonia).    The* 
direct  proof  for  the  uric-acid  formation  from  ammonia  and  lactic  acid  in 
the  liver  of  birds  has  been  given  by  Kowalewski  and  Salaskix  ^  b}^  means  J 
of  blood-transfusicin  experiments  on  geese  with  extirpated  livers.     Tliey  > 
observetl  a  relatively  abundant  formation  of  uric  acid  after  the  addition 
of  ammonium  lactate  and  to  a  still  greater  extent  after  arginine.    The}'  not, 
only  con.sidcr  ammonium  lactate,  but  also  amino  acids  as  substances  from 
which  the  uric  acid  can  be  produced  in  the  liver  by  synthesis.     Of  these 
leucin^  glycocolb  and  aspartic  acid  increase  the  elimination  of  uric  acid  in 
birds  (v,  Kxieuiem  *),  but  whether  they  are  first  decomposed  with  the 
splitting  off  of  ammonia  is  still  unknown. 

The  possibihty  of  a  fr}rraation  nf  uric  acid  from  lactic  acid  has  been 
shown  in  another  manner  by  Wiener,*  namely,  by  feeding  birds  with  urea 
and  lactic  acid  and  tlifferent  non-nitrogenous  substances,  oxy,  ketonic,  and 
dibasic  acids  of  the  alii>hatic  series.  The  tlibasic  acids,  with  a  chain  of  3 
carbon  atoms  or  their  ureides,  showed  themselves  most  active  as  uric-acid 
formers^  and  Wiener  is  therefore  of  tlie  opinion  that  the  active  substances 
must  first  be  converted  into  dibasic  acids.  By  the  attachment  of  a  urea 
residue  the  corresponding  ureid  is  produced^  according  to  Wiener,  and 
from  this  the  uric  acid  is  derived  by  the  attiichment  of  a  second  urea  residue* 

Among  the  substances  tested*  only  tartronic  acid  and  its  ureid,  dialuric 
acid,  have  sHown  themselves  active  in  the  exjieriments  with  the  iso- 
lated orgaas,  and  Wiener  therefore  also  eonsiders  that  the  other  acids 
must  be  fust  convcrtcil  into  tartrr»nic  acid  by  oxidation  or  retluction. 
From  lactic  acid,  CHa.CHCOID.CdOH,  we  first  obtain  tartronic  acid, 
C0OH.CH(0H).CCKJH,  which  by  the  attachment  of  a  urea  residue  foims 

dialuric  acid,  CO<^j^j_qq>CHOH,  and  froui  th'.s  by  the  attachment  of  a 

second  urea  resid::e  uric  acid  is  formed. 

We  cannot  give  any  positive  answer  as  to  the  question  whether  uric  acid 


•v.  Schrfkler,  Zeitschr,  t  physioL  Chem  ,  2;  Meyer  and  Jaflf^,  Ben  d,  d.  Chem. 
Gt^ellsch.,  10;  Minkowski,  Arch.  f.  exp.  Path  u.  PhanTi.,  21  and  31;  Salaskin  and 
Zaleski,  Zdtschr,  f.  phy»kil  Chcm.,  29-  Lang,  ibid,,  32;  Kowalet^-aki  and  Salaskin, 
ibid,,  33. 

•Zeiischr  f,  BioloRie,  13. 

•  Hofmeiater's  BeitrujB:e,  2.  See  also  Arch,  f,  exp.  Path,  u,  Pharm.,  42,  and  Ere^ 
tiisee  d  Phyaioh,  1,  Abt.  1,  1002. 
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is  {onned  by  synthesis  also  in  man  and  other  mammalia.  Wiener  has- 
in  part  reported  experiments  which  seem  to  indicate  a  synthetic  uric- 
acid  formation  in  the  isolated  mammalian  liver,  and  he  has  also  obtained 
an  increase  in  the  uric-acid  elimination,  although  only  a  slight  one,  after 
feeding  lactic  acid  and  dialuric  acid  to  man. 

The  liver  seems  to  be  the  organ  iij  birds  where  the  synthetical  forma- 
tionol  uric  acid  occurs,  and  the  fact  that  it  was  possible  for  Minkowski  *  to 
arrest  the  uric-acid  formation  by  the  extirpation  of  the  liver  apparently 
shows  that  the  liver  is  the  only  organ  taking  part  in  this  synthesis.     If  a 
synthesis  of  uric  acid  also  occurs  in  man  and  other  mammalia  we  must  con- 
sider the  liver  as  at  least  one  of  the  organs  taking  part  in  the  work,  as 
showTi  by  Wiener's  investigations.    The  formation  of  uric  acid  from  nu- 
^ileins  by  oxidation  has  often  been  connected  with  the  functions  of  the 
spleen,  but  there  are  no  grounds  for  such  a  view.    Mendel  and  Jackson 
^ve    indeed    shown    that    in    splenectomized    dogs    the  elimination    of 
^c    acid    was    considerably  increased    after    feeding    lymph-glands    or 
pancreas.    The  spleen  can  therefore   not  be  the  most  essential  organ  in 
this  type  of   uric-acid  formation.     The  experiments  made  with  liver  ex- 
tracts (Spitzer  and  Wiener  ^),  in  which  it  was  possible  to  convert  purin 
bases  into  uric  acid,  showed  that  the  liver  has  also  the  same  power  of 
forming  uric  acid  as  the  spleen  has,  and  it  is  most  likely  that  the  uric 
acid  is  formed  in  the  different  organs,  in  wliich  a  destruction  of  nuclein 
tissue  takes  place. 

Uric  acid  when  introduced  into  the  mammalian  organism  is,  as  first 
tohown  by  Wohler  and  Frerichs  for  the  dog  and  later  substantiated 
by  several  experimenters,'  in  great  part  destroyed  and  mc^re  or  less  com- 
pletely changed  into  urea.  Tliis  does  not  seem  to  be  the  same  for  all  ani- 
mals. In  rabbits,  according  to  Wiener,  the  uric  acid  is  destroyed  with 
the  formation  of  glycocoll  as  an  intermediate  step.  Tlie  statements  are 
ver\'  contradictory  with  camivora.  According  to  an  older  view,  which  has 
received  support  by  the  recent  investigations  of  Salkowski,  a  part  of 
the  uric  acid  introduced  into  dogs  is  eliminated  as  allantoin,  which  is  also 
true  according  to  Mendel  and  Brown  for  cats.  The  correctness  of  this 
view  is  denied  by  Wiener,  Pohl  and  Poduschka,^  still  we  cannot  con- 


»L.  c. 

*  Wiener,  1.  c;  Mendel  and  Jackson,  Amer.  Joum.  of  Physiol.,  4;  Spitzer,  Pfliiger's 
Arch..  76. 

*  Wohler  and  Frerichs,  Annal.  d.  Chem  u.  Pharm.,  65.  See  also  Wiener,  Ergeb- 
xusse  der  Physiologie,  1,  Abt.  I. 

*  W^iener,  Arch.  f.  exp.  Path.  u.  Phann.,  40  and  42,  and  Ergehnisse  der  Physiologie, 
1,  Abt.  I;  Pohl.  Arch.  f.  exp.  Path.  u.  Pharm.,  48;  Poduschka,  ibid.,  44;  Salkowski, 
Zeitschr.  f.  physiol.  Chem.,  35,  and  Her.  d.  d.  Chem.  Gesellsch.,  9;  Mendel  and  Brown, 
Amer.  Joum.  of  Physiol.,  ?. 
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eider  it  as  disprovetl.  The  possibDity  of  a  iiric-acid  formation  with  allan- 
toin  as  an  intermediate  step  is  even  more  probable  in  man. 

The  de«tru€tioii  of  uric  ami  seenxs  to  be  possible  in  several  organs,  and 
in  thk  regard  also  tiifferent  animals  show  some  variation.  According  to 
the  researches  of  Chassevant  and  Richet,  Ascoli,  Jacoby  and  Wiener/ 
the  hvor  of  the  df*g  has  a  prommnced  power  of  destroying  uric  acid  and 
the  li\'er  uf  tlie  pig  has  a  similar  power,  winle  in  the  ox-li\'er  a  imc-acid- 
forming  activity  was  shown.  Other  organs  which  show  a  urie-acid-de- 
stnjctive  action  are,  according  to  Wiener,  the  kidneys,  which  action  in 
dogs  is  Yi^ry  weak,  and  the  muscles. 

From  thk  power  of  tlie  different  organs  of  destroying  \iric  acid  it  follows 
that  the  quantity  of  uric  acid  diminateti  is  not  a  sure  indication  oi  the 
amount  (*f  the  acid  furmeth  We  must  admit,  thert^fore,  tliat  a  part  of  the 
uric  ticid  formed  In  the  body  is  tlestmyed  in  a  similar  manner  in  that 
introduced  fr<»m  witliout,  Ik^RiAX  and  SrniR  *  have  imk^cd  buggested  a 
fact^fr,  the  so-ealled  '  'integral  factor/*  with  which  the  quantity  of  uric  acid 
^liniinated  in  the  twenty-four  hours  must  be  muUipIie<l  in  ortier  to  find 
the  c|nantity  <jf  uric  acid  formed  drriug  this  time.  According  to  thern^ 
carnivura  eliminate  about  ^V'^V  ^*^  the  uric  acid  introduced  into  the  cir- 
culation, rabbits  about  i,  and  man  \. 

Properties  and  ReaelimiJi  of  Uric  Acid.  Pure  uric  acid  is  a  white,  odor- 
lem,  iind  tasteless  powder  consLsti  ng  of  very  small  rhombic  prisms  or  plates. 
Impure  uric  acid  is  easily  obtained  as  somewhat  larger,  colored  cr\^stals. 

In  quick  crystallization,  small,  tliin,  four-si<led,  apparently  colorless, 
rhoml>ic  prisms  are  formed,  which  ean  be  seen  only  by  the  aid  of  the  micro- 
Scope,  and  these  sometimes  appear  as  spook  because  f*f  the  rounding  of 
their  obtuse  angles.  The  plat4?s  are  .sometimes  sl\ -sided,  irregularly  devel- 
oped; in  other  easels  thoy  are  rectangidar  with  partly  straight  and  partly 
jagged  sides;  and  in  other  cases  they  show  still  more  irr^ular  forms,  the 
6*>called  dumW jells,  et€.  In  slow  cr>'stallization,  as  when  the  urine  de- 
posits a  serliment  nr  when  treated  with  acid,  large,  invariably  cokired  cr>"s- 
tals  separate.  Exanmied  with  the  niicrrjscope  these  cr^'stals  always  appear 
yellow  or  yellowLsh-ljrown  in  color.  The  mnst  nrdinar>*  type  is  the  whet- 
Stxjne  sliape,  formed  by  the  rounding  off  of  the  obtuse  angles  of  the  rhombic 
plate.  The  whetstones  are  generally  connected  together,  two  or  more 
cros-iing  each  other.  Besides  these  fc>rms,  rosettes  of  prismatic  crA'stals, 
jrreg\dar  crosses,  brown-colnred  rough  masses  of  destroyed  needles  and 
prisms  occur,  as  well  as  other  fonns. 

Fric  acid  is  insoluble  in  alcohol  and  ether;  it  Is  rather  easily  soluble  in 
boiling  glycerine,  very  difficultly  soluble  in  cold  water,  in  39|4.S0  parts  at 

*  Chasaevant  et  Richet,  Compt.  r^-nd.  soc,  brolo^..  4ft:  Asooli,  Pfliiger'fl  Arch.,  7f; 
Jacijiiy^  Virchnw's  Arch*  lo7;   Wiener,  Arch.  f.  exp    Puth   u.  Pharni.,  42. 
•Imager's  Arch-.  S7, 
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18PC.  (His  and  Paul).    At  this  temperature,  according  to  them,  9.5  per 
cent  of  the  uric  acid  is  dissociated  in  the  saturated  solution.    Because  of. 
the  reduction  in  the  dissociation  on  the  addition  of  strong  acids  uric  acid 
is  soluble  with  difficulty  in  the  presence  of  mineral  acids.    It  is  soluble 
in  a  warm  solution  of  sodium  diphosphate,  and  in  the  presence  of  an  excess 
of  uric   acid    monophosphate  and   acid   urate  are   produced.     The  ordi- 
nary view  is  that  sodium  diphosphate  forms  a  solvent  for  the  uric  acid  in 
the  urine,  but  according  to  Smale  the  monophosphate  has  only  a  slight  sol- 
^'^nt  action.     According  to  Rudel  *  urea  is  an  important  solvent,  but  this 
^t:at€ment  has  not  been  confirmed  by  the  obsen-ations  of  His  and  Paul. 
^  He  acid  is  not  only  dissolved  by  alkalies  and  alkali  carbonates,  but  also  by 
^^veral  oi^anic  bases,  such  as  ethylamine  and  pmpylaniine,  piperidin  and 
P^perazin.     Uric    acid    dissolves    without    decomposing    in    concentrated 
^^Iphuric  acid.     It  is  completely  precipitated  from  the  urine  by  picric 
^^•id  (Jaff6  ').     Uric  acid  gives  a  chocolate-brown  precipitate  with  phospho- 
^Ungstic  acid  in  the  presence  of  hydrochloric  acid. 

Uric  acid  is  dibasic  and  correspondingly  forms  two  series  of  salts,  neu- 
tral and  acid.  Of  the  alkali  urates  the  neutral  potassium  and  lithium  salts 
are  most  easily  soluble  and  the  ammonium  salt  dissolves  with  difficulty. 
The  acid-alkali  urates  are  very  insoluble  and  separate  as  a  sediment  (scdi- 
tnentum  lateritium)  from  concentrated  urine  on  cooling.  The  salts  with 
alkaline  earths  are  very  insoluble. 

If  a  little  uric  acid  in  substance  is  treated  on  a  porcelain  dish  with  a 
few  drops  of  nitric  acid,  the  uric  acid  dissolves  on  warming  with  a  strong 
development  of  gas,  and  after  thoroughly  dr>'ing  on  the  water-bath  a 
beautiful  red  residue  is  obtained,  which  turns  a  purple-red  (ammonium 
purpurate  or  murexid  on  the  addition  of  a  little  ammonia.  If,  instead  of 
the  ammonia,  we  add  a  little  caustic  soda  (after  cooling),  the  color  becomes 
deeper  blue  or  bluish  violet.  This  color  disappears  cjuickly  on  warming,  differ- 
ing from  certain  xanthine  bodies.  This  reaction  Ls  called  the  murexid  test. 
If  uric  acid  is  converted  into  alloxan  by  the  careful  action  of  nitric  acid 
and  the  excess  of  acid  carefully  expelled,  on  treating  this  with  a  few  drops 
of  concentrated  sulphuric  acid  and  commercial  benzene  (containing  thio- 
phene),  a  beautiful  blue  coloration  is  obtained  (Denigf:s'  reaction  ^). 

Uric  acid  does  not  reduce  an  alkaline  solution  of  bismuth,  while,  on  the 
contrary,  it  reduces  an  alkaline  cupric  hydrate  solution.  In  the  ]>rescnce  of 
only  a  little  copper  salt  we  obtain  a  white  precipitate  consisting  cf  cuprous 
urate.  In  the  presence  of  more  copper  salt  red  cuprous  oxide  separates. 
The  combination  of  uric  acid  with  cuprous  oxide  is  formed  when  coi^per 

*His  and  Paul.  Zeitschr.  f.  physiol.  Chem.,  31;    Smale,  Centralbl.  f.  Physiol.  9 j 
Riidel,  Arch.  f.  exp.  Path.  u.  Pharm.,  30. 
'  Zeitschr.  f .  physiol.  Chem. ,  10- 
•  Joum.  de  Pharm.  et  de  Chim.,  18.     Cited  from  Maly's  Jahresber.,  18. 
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salts  are  reduced  in  alkaline  solution  in  the  presence  of  urate  by  dextrose  or 
bisulphite. 

If  a  solution  of  uric  acid  in  water  contiiitiing  alkali  carbonate  is  treat-ed 
-frith  magnesium  mixture  and  then  a  silver-nitrate  solution  added,  a  gelati- 
nous  precipitate  of  si!\'er-magnesium  urat-e  is  formed.  If  a  drop  of  uric  acid 
dLssolved  in  sodium  carbonate  is  placed  <»n  a  piece  r^f  filter-paper  which  has 
bef*n  previously  treated  with  silver-nitrate  solution,  a  retluction  of  silver 
oxide  occurs  producing  a  brownish-black  or,  hi  the  presence  of  only  0.002 
milligram  of  uric  acid,  a  yellow  spot  (Schiff's  test). 

The  precipitation  of  free  uric  acid  from  its  alkali  salts  by  means  of 
acids  can  be  more  or  less  prevented  by  the  presence  of  thymic  acid  or  nucleic 
acid  (Goto').  It  b  questionable  whether  this  is  of  any  physiologies 
imiKjrtanee. 

Prejpamtion  of  Uric  Acid  from  Urine.  Filteretl  normal  urine  is  treated 
with  2(>-30  c.  c.  nf  25  per  cent  hy*lrorhloric  acid  for  e^ch  liter  of  urine. 
After  fortyH?i^ht  hours  collect  the  cr^'stals  and  purify  them  by  redissolving 
in  dilute  alkali,  decolorizing  with  animal  charcoal  and  reprecipit,*iting  with 
hydnjchioric  acid,  l^arge  quantities  of  uric  acid  are  easUy  obtauied  from 
the  excrements  of  serpen tvS  by  b<:>iling  them  with  dilute  caustic  potash  (5  per 
cent)  until  no  more  anmionia  Ls  devclopeil  A  current  of  car>x>n  dioxide 
is  passeil  through  the  filtrate  until  it  barely  ha.s  an  alkaline  reaction;  dis- 
solve the  separated  antl  washed  acid  potiLssium  urate  in  caustic  potash,  and 
pranpitate  the  uric  acid  in  the  filtrate  by  addition  of  an  excess  of  hydro- 
chl**ric  arid. 

Quant itatim  Estifrnifion  of  Uric  Add  in  the  Urine,  As  the  older 
jnethoil  suggested  by  Heixtz,  even  after  recent  modifications^  gives 
inacciu"ate  results,  it  will  not  be  considered  here. 

Salkowski  and  Iatdwig  *s  '  method  consists  in  precipitating  by  silver 
nitrate  the  uric  acid  from  the  urine  previously  treated  \Nith  magnesium 
mixture,  and  weighing  the  uric  acid  obtained  from  the  silver  precipitate* 
Vric-acid  determinations  by  this  methml  are  often  i^vorfonneil  acconcling  to 
the  suggestion  of  E.  LuD^\^Ci,  which  requires  the  following  sv^lutions: 

L  An  AMMONTACAL  siLVKR-NTTRATB  ftOLiTTiON,  which  Contains  in  1  liter  26 
grams  of  silver  nitrate  and  a  quantity  of  amnionic  sufficient  to  completely  redi^soh 
the  prc*ripitale  pnjduced  by  the  first  addition  of  ammonia.  2.  Magnesitm  mixtuhi 
Dissolve  100  ^ams  of  crystallized  niagnpsium  chloride  in  water  and  add  enough^ 
ammonia  so  that  the  liquid  smells  strtmgly  of  it,  and  enough  jmimonium  chloride 
to  dis<»lve  the  precipitate  and  dilute  the  solution  to  1  liter.  3-  8odu  m-sflphide 
goLiTii'N.  l>issolve  10  grams  of  caustic  soila  which  is  free  from  nitric  acid  and 
nit niu-s  acid  in  1  Uter  of  water.  One  half  of  this  siilut ion  is  completely  saturated 
with  sulphuretted  hydrogen  and  then  mixed  with  the  other  half. 

The  concentration  of  the  three  solutions  Ls  so  arranged  that  10  c.  c.  of 
each  is  sufficient  for  100  c.  c.  of  the  urine. 


■Zettschr  L  physiol  Chem..  50. 

*  Saikowsld,  Virchow  *»  Arch.*  aS,  Tflugcr *s  Arch.,  o;  Sftlkowski,  Ltiboraiorj  Haii« 
ol  Pb\'*iol  and  Path.  Chem.,  tnm&laicd  by  OmdorfF,  1901;    Ludwig,  Wien, 
JftbH>ucli.  ISS4,  and  Zeitsebr.  f.  anal  Cheni..  24. 
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100-200  c.  c,  according  to  concentration,  of  the  filtered  urine  freed 
from  proteid  (by  boiling  after  the  addition  of  a  few  drops  of  acetic  acid)  is 
poured  into  a  beaker.    In  another  vessel  mix  10-20  c.  c.  of  the  silver  solu- 
tion with  10-10  c.  c.  of  the  magnesium  mixture  and  add  ammonia,  and  when 
necessary  also  some  ammoniimi  chloride,  until  the  mixture  is  clear.    This 
solution  is  added  to  the  urine  while  stirring,  and  the  mixture  aUowed  to 
f       stand  quietly  for  half  an  hour.    The  precipitate  is  collected  on  a  filter, 
washed  with  ammoniacal  water,  and  then  returned  to  the  same  beaker  by 
the  aid  of  a  glass  rod  and  a  wash-bottle,  without  destroying  the  filter. 
Now  heat  to  boiling  10-20  c.  c.  of  the  alkali-sulphide  solution,  which  has 
previously  been  diluted  with  an  equal  volume  of  water,  and  allow  this  solu- 
tion to  flow  through  the  above  filter  into  the  beaker  containing  the  silver 
precipitate;  wash  with  boiling  water,  and  warm  the  contents  of  the  beaker 
on  a  water-bath  for  a  time,  stirring  constantly.    After  cooling  filter  into  a  por- 
celain dish,  wash  the  filter  with  toiling  water,  acidify  the  filtrate  with  hydro- 
chloric acid,  evaporate  it  to  about  15  c.  c,  add  a  few  drops  more  of  hydro- 
chloric acid,  and  allow  it  to  stand  for  twenty-four  hours.    The  uric  acid 
^hich  has  crystallized  is  collected  on  a  small  weighed  filter,  washed  with 
"^ater,  alcohol,  ether,  and  carbon  disulphide,  dried  at  100-110*^0.,  and 
Weighed.    For  each  10  c.  c.  of  watery  filtrate  w^e  must  add  0.00048  gram 
Uric  acid  to  the  quantity  found  directly.     Instead  of  the  weighed  filter- 
paper  a  glass  tube  filled  with  glass-wool  as  described  in  other  handbooks 
may  be  substituted  (Ludwig).    Too  intense  or  continuous  heating  with 
the  alkali  sulphide  must  be  prevented,  otherwise  a  part  of  the  uric  acid 
may  be  decomposed. 

Salkowski  differs  from  this  procedure  by  precipitating  the  urine  first 
with  a  magnesium  mixture  (50  c.  c.  to  200  c.  c.  urine),  filling  up  to  300  c.  c, 
and  filtering.  Of  the  filtrate,  200  c.  c.  is  precipitated  by  10-15  c.  c.  of  a 
3  per  cent  silver-nitrate  solution.  The  silver  precipitate  is  shaken  with  200- 
300  c.  c.  of  water  acidified  with  a  few  drops  of  hydrochloric  acid,  decomposed 
by  sulphuretted  hydrogen,  heated  to  boiling,  the  silver-sulphide  precipitate 
boiled  with  fresh  water,  filtered,  the  filtrate  concentrate^l  to  a  few  cubic 
centimeters,  treated  with  bS  drops  of  hydrochloric  acid,  and  allowed  to 
stand  until  the  next  day. 

Hopkin's  method  is  based  on  the  fact  that  the  uric  acid  is  completely 
precipitated  from  the  urine  as  ammonium  urate  on  saturating  with  am- 
monium chloride.  The  uric  acid  can  either  be  weighed  after  being  set  free 
by  hydrochloric  acid  or  it  can  be  detennined  in  several  ways,  by  titration 
with  potassium  permanganate  or  by  the  Kjkldahl  method.  Several  modi- 
fications of  this  method  have  been  worked  out  by  Folix,  Folix  and  Schaf- 
FER,  WoRXER  and  JoLLES.*  The  last  mentioned  convert  the  uric  acid 
into  urea  by  oxidation  with  potassium  permanganate  in  sulphuric-acid 
solution  and  then  determine  the  quantity  of  this  by  sodium  hypobromite. 
Of  these  methods  we  will  only  describe  that  suggested  by  Folix-Schaffeii. 
Foliri'Schaffer  Me'hod.  Treat  300  c.  c.  urine  with  75  c.  c.  of  a  solution 
containing  500  grams  of  ammonium  sulphate,  5  grams  of  uranium  acetate,  and 
60  c.  c.  of  10  per  cent  acetic  acid,  and  filter  after  five  minutes.     Tliis  removes 


'  Hopkins,  Joum.  of  Path,  and  Bact.,  1893,  and  Proceed.  Roy.  Soc,  52;  Folin, 
Zeitschr.  f.  physiol.  Chem.,  24;  Folin  and  Schaffer,  ibid.,  32;  Woraer,  ibid.,  29;  Jolles, 
ibid.,  29,  and  Wien.  med.  Wochenschr.,  1903. 
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an  unknown  constituent  of  the  urine  (a  protein  substance?)  which  vsmli 
other vme  contaminate  the  uric  acid.  Take  125  c.  c.  of  the  fiJtrate  (mrre- 
spouding  to  100  c.  c.  of  the  urine)  and  add  o  c.  c,  of  concentrated  smmonia. 
After  twenty-four  hours  the  p  eeipitate  h  filtered  off  and  washed  fieefniiu 
chlorine  on  the  filter  by  nieariij  of  an  anuiioiiium  sulphate  sithstiou.  Ihe 
precipitate  is  washed  off  the  filter  by  water  (to  al  100  C-  c.)  nto  a  fla^k. 
treated  with  15  c.  c.  of  eoncentrateil  sulphuric  acid,  and  titratd  at 
60-63**  C.  with  N/20  potassium-permanganate  oluiion.  Ea  h  cubir  fdiii- 
meterof  this  solui ion  corresponds  to  3.75  milligrams  uric  ac  d»  Kecausrof 
the  so'-ubility  of  the  ammonium  urate  a  correction  of  3  milligrams  miL^tbe 
added  for  every  100  c.  c.  of  the  urine. 

In  regard  to  the  numemus  other  metliods  for  climating  uric  acid,  we 
must  refer  to  special  works  on  the  ubject,  and  espeeiaUy  to  HupPEH^ 
Neubauer. 

Purin  Bas^s*    (Alloxuric  Bases.)     The  alloxuric  bases  (pur  n  basfs) 
found  in  human  urine  ar »  xanthine  guanine,  hypoxnrUhine ,  adenine,  para- 
X!}ntkinf\  kda-QxarUkmc ,  episarkine^  epitjuanme,  l-nuihijljcanthine,  and  m- 
nin-c.    The  occurrence  of  guanine  and  carnine  (Poijchet)  i  ,  according  to 
IvRfoER  and  8alomon%'  not  positively  s1iot»sti.   The  quantity  of  these  bod© 
in  the  urine  is  extremely  small  and  variable  in  different  individuab,    Fla- 
Ttnv  and  Reitzenstein  ^  found  15.6-45  1  milligrams  in  urine  voided  during 
twenty-four  hours.     The  quantity  of  alloxuric  bases  in  the  urine  's  increa-eil 
regularly  after  feeding  with  nucleus  nucleins  or  food  rich  in  nucleins.  aiid 
afte"  iro'?  destruction  of  leucocytes.    The  quantity  is  especially  increased 
in  leuciemia.     We  have  a  number  of  ob  nervations  on  the  elimination  of  these 
Ixulies  in  different  diseases,  hut  they  are  liardly  trustworthy,  on  account  nf 
the  inaccuracy  of  the  methods  u  ed  in  the  determinations.      It  must  al?o 
be  remarked  that  the  three  alloxuric  bases,  heteroxanthine,  paraxanthine, 
and   1-mHhylxanthine,  wiiieh  form  the  chief  mass  of  the  alloxuric  bases  of 
the  urine,  are  derives  1,  according  to  the  hivestigations  of  Ai*banese»  Boxp- 
z^-NSKi  and  Go^rrLiEB,  E.  Fischer,  M.  Kruger  and   G.  Salomon  and 
ScHMtDT  "  from  the  theobromine,   caffeine,   and   theophylline  which  occur 
ill  the  food.      With  the  purin  bases  we  must  also  differentiate  between 
those  of  endogenous  and  of  exogenous  origin.*     As  the  four  true  nuelein  bas^ 


*  Zeitschr.  f.  physiol.  Chem,,  24;  Pouchpt,  "Contributions  h  la  oonnaissance  dm 
matiferes  extrttctives  d«?  1' urine. "  Th^e  Paris,  1880.  Cited  from  Huppert-Xeubauer, 
333  and  335. 

'Deutach.  med.  Wochent*chr,,  lSf>7. 

•Albanese,  Ber,  d.  d.  chem.  Gesellsch,»  32;  Arch.  /  exp.  Path.  u.  Pharm..  Sa; 
Bondxynski  and  Gottlieb,  ihitL,  36,  and  Rer.  d.  deut^ch,  chcm.  Gcselkch.,  2S;  E. 
Fi8ch(?r,  {}}id  ,  30»  2405;  Kruger  and  Salomon.  Zeitschr  f.  physiol,  Cbem.  26;  Kruger 
and  Schmidt,  Ber  d.  d.  chem,  Gesellncb.p  32,  and  Arch,  f  exp.  Path.  u.  Pharm.,  4^. 

*  Soe  Buri&n  and  Schur,  foot-notQ  3,  page  4S7.  and  Kaufmann  and  Mobr,  Detitsch 
Arch.  f.  Uin.  Med.,  74. 
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and  caraine  have  been  treated  in  Chapters  V  and  XI,  it  only  remains  to 
describe  the  special  urinary  purin  bodies. 

HN— CO 

Heterozanthine,  CeH^N^O,  -  7-monomethylxanthine  -  OC    C.N.CHa,  was  first 

HN— C.N/^^ 
detected  in  the  urine  by  Salomon.      It  is  identical  with  the  monomethylxanthine 
iriiich  passes  into  the  urine  after  feeding  with  theobromine  or  caffeine. 

Heteroxanthine  crystallizes  in  shining  needles  and  dissolves  with  difficulty 
in  cold  water  (1592  parts  at  18°  C).  It  is  readily  soluble  in  ammonia  and  alkalies. 
The  crystalline  sodium  salt  is  insoluble  in  strong  caustic  alkali  (33  per  cent)  and 
dissolves  with  difficuly  in  water.  The  chloride  crystallizes  beautifully,  is  rela- 
tively insoluble,  and  is  readily  decomposed  into  the  free  base  and  hydrochloric 
acid  by  water.  Heteroxanthine  is  precipitated  by  copper  sulphate  and  bisul- 
phite, mercuric  chloride,  basic  lead  acetate  and  ammonia,  and  by  silver  nitrate. 
The  silver  compound  dissolves  rathe  •  easily  in  dilute,  warm  nitric  acid;  it  crystal- 
lizes in  small  rhombic  plates  or  prisms,  often  grown  together,  forming  charac- 
teristic crosses.  Heteroxanthine  does  not  give  the  xanthine  reaction,  but  does 
give  Weidel's  reaction,  especially  acco  ding  to  Fischer  (see  Chapter  V). 

CH3.N— CO 
I       I 
i-Methylzanthinei  C.H-N.O,  -        CO  C.NHv.         ,  was  first  isolated  from  the 

I      II         >CH 
HN— C.N    / 

urine  and  studied  by  Krugbr,  and  then  by  Kruger  and  Salomon.*  It  is  diffi- 
cultly soluble  in  cold  water,  but  readily  soluble  in  ammonia  and  caustic  soda, 
and  does  not  give  an  insoluble  sodium  combination.  It  is  readily  soluble  in 
dilute  acids,  and  it  crystallize?  from  its  aceti(vacid  solution  in  thin,  generally 
hexagonal  plates.  The  chloride  is  decomposed  into  the  base  and  hydrochloric  acid 
by  water.  1-methyl xanthine  givs  crystalline  doubl?  salts  with  platinum  and 
gold.  It  is  not  precipitated  by  basic  lead  acetate,  and  when  pure  not  by  basic 
lead  acetate  and  ammonia.  With  ammonia  and  silver  nitrate  it  gives  a  gelatinous 
precipitate.  The  silver-nitrate  compound  crystallized  from  nitric  acid  forms 
rosettes  of  united  needles.  With  the  xanthine  test  with  nitric  acid  it  gives  an 
orange  coloration  on  the  addition  of  caustic  s  da.  It  gives  Weidel's  reaction 
(according  to  Fischer)  beautifully. 

CH3.N— CO 

Paraxanthine,     CyHjN^Oj-ljT-dime thy Ixan thin  •=         COC.N.CH3,     urotheo- 

HN-C.X>H 
bromine  (Thudichum),  was  first  isolated  from  the  urine  by  Thudichum  and  Salo- 
mon.' It  crystallizes  beautifully  in  six-sided  plates  or  in  needles.  The  sodium 
combination  cr3rstallizes  in  rectangular  plat  s  or  prisms  and,  like  the  hetero- 
xanthine-sodium  compound,  i  insoluble  in  33  per  cent  caustic-soda  solution. 
The  sodium  c  )mpound  separates  in  a  crystaline  state  on  neutralizing  its  solution 
in  water.  The  chloride  is  readily  soluble  and  is  not  decomposed  by  water.  The 
chloroplatinate  crystalli  es  very  beautifully.  Mercuric  chloride  precipitates  it  only 
when  added  to  excess  and  after  a  long  time.  The  silver  nitrate  combination 
separates  as  white  silky  crystals  from  hot  nitric  acid  (m  cooling.  It  gives  Weidel  's 
reaction,  but  not  the  xanthine  tcit,  ^vith  nitric  acid  and  alkali. 

*  Kruger,  Du  Bois-Reymond's  Arch.,  1894;  Kriiger  and  Salomon,  Zeitschr.  f. 
physiol.  Chem.,  24. 

'Thudichimi,  "Grundziige  d.  anal.  med.  klin.  Chemie  "  (Berlin,  1886);  Salomon, 
Du  Bois-Rcymond's  Arch.,  1882,  and  Ber.  d.  deutsch.  chem.  Gescllsch.,  16  and  18. 
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Episarkinc  is  the  name  given  by  Balke  to  a  porin  body  occurring  in  humaa 
urine.  The  same  body  has  bc^en  observed  by  Salomon  *  in  pigs*  and  dogs'i 
as  well  as  in  urine  in  leueieniiu,  Balkk  give?*  C^H^NsO  as  the  probable  for 
for  epj'sarkine.  It  is  nearly  ijisoluble  in  cold  water^  di  solves  with  difficulty 
hot  water,  but  may  be  obtained  therefrom  tis  long  fine  needles.  Episarkiii*  i 
not  give  the  xsuithirie  reaction  with  nitric  acid  nor  WEinEL's  reaction.  WH 
bydroL'hloric  acid  and  jwuta^ssium  chlorate  it  gives  a  white  residue  whirh  tuma 
violet  with  ammonia.  It  di>es  not  form  any  ina^oluble  sodium  compound.  The 
silver  combination  is  difficultly  soluble  in  nitric  acid,  Episarkine  is  possibly 
identical  with  epigminine. 

HN— CO 

Epi^uanine,    CoHjNjt'),  ^y-methylguanine-HjX.C     C.N.CH^    was   first  pre- 

II      II     \„„ 

pared  from  the  urine  by  Kruger.*  It  is  crystalline  and  difficultly  soluble  b 
not  water  or  ammonia.  It  crystallizes  from  a  hot  33  \K'T  c-ent  caustic-soda  solu- 
tion on  cooling  in  broad  shining  crystals  and  dissolves  readily  in  hydrochlorie  or 
snlphuric  acid.  It  gives  a  characteristic  chloro|j|atinote  crv'staljizing  in  six-sided 
lirisiuH.  It  is  prei'iiiitated  by  neither  basic  lead  acetate  nor  tw  baac  k«l 
acetate  and  ammonia.  Silver  nitrate  and  ammonia  gi^e  a  gelatinous  preeipilitt, 
It  responds  t<»  the  xanthine  t(^t  with  nitric  acid  and  alkali.  According  to 
PisctiEK  it  aits  like  cjiisarkinc  with  Wkidel's  lest. 

In  preparing  alloxuric  bases  from  the  urine,  the  fluid  is  supersaturated  wiUl 
ammoiiia  and  preeipitatcd  by  a  silver- nit  rate  solution*  The  precipitate  is  then 
deconifKistMl  with  sulphnretted  hydrogen.  The  boiling-hot  filtrate  is  evaporated  to 
clynef^s  aod  the  dried  residue  treated  with  3  per  cent  sulphuric  acid.  The  puiiu 
bases  are  dissolved,  while  the  uric  acid  remains  undissolved.  This  filtrate  is 
saturated  with  anmionia  and  precipitated  by  silvTr-nitrate  solution.  If  instead 
of  pref  i[>itating  with  silver  solution  we  desire  to  precipitate,  according  to  Kri  UEft 
and  WrLFFp  with  copper  suboxide,  the  urine  may  be  heated  to  boiling  and  imme- 
diately is  aiidcd^  successively^  100  c.  e.  of  a  50  per  cent  sodium-bLsulphitc  solution 
and  ltK>  e.  c.  of  a  1-  I^er  cent  copper-sulphate  solution  for  every  hter  of  urine. 
The  thoroughly  wai^hed  [ireci  itat^?  i  decomposed  with  hydrochloric  acid  and 
sulphuretted  hydrogen.  The  uric  acid  remains  in  great  part  on  the  filter.  Fur;ii*T 
details  in  regard  to  the  treatment  of  the  solution  of  the  hydrochloric-acid  coni- 
binationa  may  be  found  in  Kruger  and  8 aiwOMON.' 

QumUitalive  Estimation  of  Alhxitric  Bases  according  to  8aijcowski/ 
400  to  600  €,  c.  of  the  urine  free  fnnn  proteid  is  first  preeii>itated  by 
magnesium  mixture  auri  then  by  a  3  per  cent  silver-idtrate  solution  bs 
described  on  page  493.  The  thoroughly  \va*sheil  silver  precipitate  is  de- 
composed by  sulphuretted  hydrogen  after  being  suspended  in  6CIO-HI0 
c/  c.  of  water  with  the  addition  of  a  few  droj^s  of  hydrochloric  acid.  It  is 
heated  to  Ixjiling  and  filtereil  hot,  and  finally  eva|KU-ated  to  dr%-ness  on 
the  watrr-Vrath.  Tlie  residue  is  extracted  witb  20-30  c.  c.  of  hot  3  per  cent 
sulphuric  acid  and  allowed  to  stand  twenty-four  hours ;  the  uric  acid  is  filtered 


*  Balke,  "Zur  Kenntnisa  der  Xanthinkorper  **  (Inaug.*Diss..  Leipzig,  1893);   Salo- 
mon,  Zeitschr.  f.  phytiio!.  Chem.,  IN. 

'  Du  Bois-Reymond*a  Arch.,  1894;    Kriiger  and   Salomon,   Zeitschr,   T   pbysioL 
Chem  .  24  and  2G. 

•  Zeitschr.  f.  phyalol.  Chem.,  2<>,  and  also  Hoppe-Seyler-Thierfelder's  HaEidbucli» 
7.  Anfl.,  154. 

*Pfluger's  Arch.,  6^ 
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off,  washed,  the  filtrate  made  ammoniacal,  and  the  xanthine  bodies  pre- 
dpitated  again  by  silver  nitrate,  the  precipitate  collected  on  a  small,  chlo- 
rine-free filter,  washed  thoroughly,  dried,  carefully  incinerated,  the  ash 
^fesolved  in  nitric  acid,  and  titrated  with  ammonium  sulphocyanide  accord- 
ing to  Volhard's  method.  The  ammonium-sulphocyanide  solution  should 
contaia  1.2-1.4  grams  per  liter  and  its  strength  should  be  determined  by  a 
dver-nitrate  solution:  1  part  silver  corresponds  to  0.277  gram  nitrogen  of 
alloxuric  bases  or  to  0.7381  gram  alloxuric  bases.  By  this  method  the 
tiric-aci  J  and  alloxuric  bases  can  be  simultaneously  determined  in  the  same 
portion  of  urine.* 

>f  ALFATTi  *  determines  the  nitrogen  of  the  alloxuric  bases  in  the  hydrochloric 
M  filtrate  from  the  separated  uric  acid.  This  filtrate  is  evaporated  with  mag- 
nesia until  all  the  ammonia  has  been  expelled  and  the  residue  used  for  the 
Kjeldahl  determination. 

The  nitrogen  of  the  alloxuric  bases  is  also  determined  as  the  difference  between 
the  uric-acid  nitrogen  and  the  total  nitrogen  of  the  alloxuric  bodies  of  the  silver 
precipitate   (Camerer,   Arnstein').     Salkowski   has  raised   the  objection   to 
this  procedure  that  it  is  not  possible  to  remove  all  the  ammonia  from  the  silver 
precipitate  by  washing.     According  to  Arnsteix,*  this  can  readily  be  done  by 
(wiling  the  precipitate  in  water  with  some  magnesia,  and  under  these  circum- 
stances this  method  is  quite  serviceable.    The  nitrogen  is  estimated  by  Kjel- 
dahl's  method.    The  uric-acid  nitrogen  multiplied  by  3  gives  the  quantity  of 
uric  acid.     As  the  mixture  of  alloxuric  bases  in  the  urine  is  not  known,  the  quantity 
of  nitro;?en  of  the  alloxuric  bases  is  always  calculated  as  a  certain  alloxuric  base, 
for  eicample,  xanthine  (Camerer),  and  the  quantity  so  found  used  as  a  measure 
for  the  alloxuric  bases. 

According  to  an  unpublished  method  of  Kruger  and  Schmid  (Hoppe-Seyler- 
Thierfelder's  Handbuch,  7.  Aufl.,  435)  the  uric  acid  and  the  purin  bases  are 
precipitated  as  a  cuprous  compound  by  copper-sulphate  solution  and  sodium 
bisulphite.  The  precipitate  is  decomposed  in  sufficient  water  by  sodium  sulphide, 
and  the  uric  acid  precipitated  from  the  conccntrat-i^d  filtrate  with  hydrochloric  acid, 
and  the  purin  bases  again  precipitated  from  this  filtrate  as  cuprous  or  silver  com- 
)x>unds.  Finally,  the  nitrogen  in  the  uric-acid  part  and  the  part  containing 
the  mixture  of  purin  bases  is  estimated. 

We  cannot  discuss  the  other  methods  such  as  those  of  Deniges  and  Xiemi- 
IjOWIcz,  and  the  method  suggested  bv  Hall  *  for  clinical  purposes. 

Oxaluric  Acid,  CsH^NA "  (CONyij)  .CO.COOH.  This  acid,  whose  relation 
to  uric  acid  and  urea  has  been  spoken  of  above,  does  not  always  occur  in  the  urine, 
and  then  only  in  traces  as  ammonium  salts.  This  salt  is  not  directly  precipi- 
tated by  CaClj  and  NHj,  but  after  boiling,  when  it  is  decomposed  into  urea  and 
oxalate.  In  preparing  oxaluric  acid  from  urine  the  latter  is  filter  d  th  ough  animal 
charcoal.  The  oxdurate  retained  by  the  charcoal  may  be  obtained  by  boiling 
with  alcohol. 

Oxalic  Acid,  CjIIjO^,  or  p/^xz-w  m  occurs  under  physiological  conditions, 

in  ver>'  small  amounts  in  the  urine,  about  0.02  gram  in  twenty-four  hours 

*  In  regard  to  the  details  we  refer  the  reader  to  the  original  paper. 
'Centralbl.  f.  innere  Med.,  1897. 

•Camerer.  Zeitschr.  f.  Biologie,  26  and  2S;  .\rnstein,  Zoitschr.  f.  physiol.  Chem.,  23. 

*  Salkowski,  I.  c;  Amstein,  Centralbl.  f.  d.  mod.  Wissensch.,  1898. 

» Niemilowicz,  Zeitschr.  f.  physiol,  Chem.,  35;  Gittelmacher-Wilenko,  ibid.,  36; 
Hall.  Wien.  klin.  Wochenschr..  16. 
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(FuRBRiNGER  ^).  According  to  the  generally  accepted  view  it  exists  in 
the  urine  as  calcium  oxalatej  which  is  kept  in  solution  by  the  acid  phos- 
phates pre^nt.  Calcium  oxalate  is  a  frequent  constituent  of  urinary  sedi- 
mentfi  and  occurs  also  in  certain  urinarj^  calculi. 

The  origin  of  the  oxalic  acid  in  the  iirine  is  not  well  known.  Oxalic 
acid  when  adtnijilst4?rcd  is  eliminated,  at  least  in  part,  by  the  urine  un- 
changed;'^ anvl  a.s  many  vegetables  and  fruits,  such  as  cabbage,  spinach, 
asparagus,  sorrel,  apples,  grapes,  etc.,  contain  oxalic  acid,  it  is  possible  that 
a  part  of  the  oxalic  acid  of  the  urine' originates  directly  from  the  ftxxL 
That  oxalic  aeid  may  bc'  formetl  in  the  animal  Unly  as  metabolic  products 
from  proteids  or  fats  follows  from  the  <ibservations  of  Mills  and  Luthje,* 
who  found  in  tltigs  on  an  exclusive  ly  meat  and  fat  diet,  as  also  in  starvation, 
that  oxalic  acid  was  eliminat<Hl  by  the  urine.  A  part  of  the  oxalic  acid 
may  also  be  due  to  a  greater  destruction  of  protdds  or,  as  found  by  Reale 
and  RoiiRi,  as  well  as  by  Terkav,  a  rrealer  ijuantity  of  nxalic  acid  eliminate*! 
with  diminished  oxygen  supply  and  iiicreasetl  proteid  dcst ruction.  Pure 
proteid  does  not,  according  to  Salkowski,*  increase  the  quantity  of  oxalic 
acid  eliminatal;  on  the  contrar>%  after  meat  fcetlin*:  the  aminnit  of  this 
acid  is  increases b  <^^^^"  ^*i  pii'^t  to  the  meat  containing  oxalic  arid  (Sal- 
KOWSKi).  Gelatine  and  gelatine-yickling  tissues  seem  to  increase  the  ex- 
cretion of  oxalic  arifl,  while  no  eonstant  increase  has  been  obser\'ed  after 
feeding  niicleins.'*  The  prrtdurtion  of  oxalic  acid  due  to  an  incompk*te 
combustion  of  the  carbohydrates  has  also  been  suggested*  The  work  of 
HiLDEiiRANnT  and  P.  MayI':r®  seems  to  indicate  this  under  abnonual 
conditions,  but  we  have  no  grrHmds  for  such  an  origin  for  oxalic  arid 
under  physiological  conditions.  The  same  is  true  for  the  formation  of 
oxalic  acid  by  oxidation  of  uric  acid  in  the  animal  biKly.' 

Oxalir  i\(id  is  licst  detectcil  and  quantitatively  determined  according 
to  the  riirthcid  suL'Festcd  liy  Salkhavski:  Takin«i:  out  llie  oxalic  at^id  from 
the  aridificHl  urine  by  means  of  ether  and  then  proceeding  as  follows  accord- 
ing to  AuTENRif^TH  and  Barth:  * 

The  twenty-four-hotir  urine  is  precipitated  by  CaCk  and  ammonia 
in  exceas.  After  18-20  hours  the  precipitate  is  collecteil  (the  fiitrata 
must  be  clear)  and  dissolveil  in  a  little  hydrochkiric  acid  and  shaken  out 


*  Deutsch.  Arch  f.  kkn.  Med.,  18,     See  abo  Dunlop,  Jouni.  Path  and  Bactcriol  ,  |^ 

*  III  regard  to  the  beha%'ior  of  oxalic  acid  in  the  animal  l>miy.  see  po^  539. 
'Mills,  Virchow's  Arch  .  1K>:    Liithje,  Ztntschr  f.  klin.  Mtnl  .  Vt. 

*  Roale  and  Tk>on,  W'wn.  med.   Wochpnachr.,  1895;    Terray,  Pfliiger's  Arch  .  65; 
Salkciwaki.  Berl.  klin,  Woch^nschr.,  UKIO. 

*8e^  Stnidomsky.  Virchow's  Arch.,   1<>3;    Mohr  and  Salomon,  D^utscb    Atch.  t 
klin.  Med.,  70;   Salkowski,  L  c. 

*  Hitdehrandt,  Zeitdchr,  f.  physiol  rh<*m  ,  ^'l;   P.  Mayer,  Zeitechr  I  kJin.  Met!  .  47^ 
'See  Wiener,  Eri^ehnisse  der  Phyniok,  1,  Alit  L 
•Salkowski,  Zeitachr.  f.  pbysio!.  Chem.,  29;   Autenrieth  and  Barth.  ibid.,  S5. 
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-4-5  times  with  150-200  c.  c.  ether  (containing  3  per  cent  absolute 
flcohol).  The  united  ethereal  extracts  are  filtered  through  a  dry  filter 
mA  distilled  after  the  addition  of  about  5  c.  c.  of  water.  The  Uquid,  if 
necessary",  is  decolorized  with  animal  charcoal  and  precipitated  with  CaCl, 
and  ammonia,  made  acid  after  a  certain  time  with  acetic  acid,  and  finally  the 
oxalate  is  collected,  washed,  buiyied,  to  CaO,  and  weighed. 

NH.CH.HNv 
Allantoin  (glyoxyldiureid),  C4HflN403=OC<  |  yCO,  occurs 

\nh.co  H,N^ 

in  the  urine  of  children  within  the  first  eight  days  after  birth,  and  in 
very  small  amounts  also  in    he  urine  of  adults  (Gusserow,  Ziegler  and 
Hermann).     It  is  found  in  rather  abundant  quantities  in  the  urine  of 
pp^nant   women   (Gusserow).     Allantoin   has   also   been  found   in   the 
urine  of    sucking  calves    Wohler)  and  sometimes  in  the  urine  of  other 
animals  (Meissner).     It  is  also  found  in  the  amniotic  fluid  and,  as  first 
shoTVTi  by  Vauquelin  and  Lassaigne,*  in  the  allantoic  fluid  of  the  cow 
(hence  the  name).     Allantoin  i?  formed,  as  above  stated,  by  the  oxidation 
of  uric  acid  outside  of  th    animal  body,  hence  a  similar  formation  of  allan- 
toin is  admitted  in  the  animal  organism  (see  page  490).    According  to 
PoDUscHKA    and    Minkowski,^  allantoin    introduced    into  dogs    appears 
almost   entirely  in  the  urine,  while  in  man  only  a  small  portion  of  the 
ingested  substance  is  eliminated  by  the  kidneys.     In  camivora  the  excre- 
tion of  allantoin  is  considerably  inc  eased  according  to  Minkowski,  Cohn, 
Salkowski,  Mendel  and  Brown  '  after  feeding  thymus  or  pancreas.    A 
strong    allantoin   excretion   is   also  found   in   dogs   after  poisoning   with 
hydrazine   (Borissow),    hydroxylamine,    semicarba- ide,  and   aminoguani- 
dine  (Pohl  *).     He  also  obtained  allantoin  in  the  autolysis  of  the  intes- 
tinal mucosa,  liver,  thymus,  spleen,  and  pancreas.     As  no  allantoin  exists 
in  the  organs  of  normal  starving  dogs,  and  as  Pohl  has  found  it  in  the 
liver  and  as  traces  also  in  the  other  organs  after  poisoning  with  hydra- 
zine, he  claims  that  the  allantoin   Is  formed  in  the  nuclcin  destruction 
produced  by  the  death  of  the  cell-nuclei. 

Allantoin  is  a  colorless  substance  often  crystallizing  in  prisms,  difficultly 
soluble  in  cold  water,  easily  soluble  in  boiling  water,  and  also  in  warm 
alcohol,  but  not  soluble  in  cold  alcohol  or  ether.  A  watery  allantoin  solu- 
tion gives  no  precipitate  with  silver  nitrate  alone,  but  by  the  careful  addi- 
tion of  ammonia  a  white  flocculent  precipitate  is  formed,  C^HjAgN^Og,  which 

'  Ziegler  and  Hermann,  see  Gusserow.  Arch.  f.  Gynrikol,  3 — both  cited  from  Hupport- 
Xeubauer,  Ham- Analyse,  10.  Aufl.,  377;  \V()hler,  Annal.  d.  Chem.  u.  Pharm.,  70; 
Meissner,  Zeitschr.  f.  rat.  Med.  (3),  31;  Lassaigne,  Annal.  de  Chim.  et  Phys.,  17. 

*  Arch.  f.  exp.  Path.  u.  Pharm  ,  44;   Minkowski,  ibid.,  41. 

'Minkowski,  1.  c,  and  Centralbl  f.  innere  Med.,  1898;  Cohn,  Zeitschr.  f.  physiol. 
Chem.,  25;  Salkowski,  Centralbl.  f.  d.  med.  Wissensch.,  1898;  Mendel  and  Brown, 
Amer.  Joum.  of  Physiol.,  3. 

•Arch.  f.  exp.  Path.  u.  Pharm.,  46. 
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is  soluble  in  an  e.xccss  of  ammonia  and  which  consists  after  a  certain  timi 
of  very  small,  transparent  microscopic  globules.  The  dr>'  predpitatt 
contains  40  J5  per  cent  silver,  A  watery  allantoin  solution  is  precipiiatd 
by  mercuric  nitrate.  On  continuous  boiling  allantoin  reduce*  Fkhling's 
solution.  It  gives  Schiff's  furfurol  reaction  less  rapidly  and  less  iiitensdy 
than  urea.     Allantoin  does  not  give  the  murexid  test. 

Allantoin  Ls  most  easily  prei>arod  by  the  oxidation  of  urx  acid  with 
lead  peruxide.  In  preparing  allantoin  from  urine,  proceed  according  to 
Loewy';^^  method,  which  consi.sts  of  the  following:  The  faintly  acuiified 
Urine  is  precipitatai  with  a  mercuroiis-nitrate  solution,  the  filtrate  neated 
with  H^S,  and  the  new  filtrate  precipitated  by  magnesium  oxide  and  silver  I 
nitrate  after  the  removal  of  the  H^S.  The  precipitate  Is  filtered  aft  and 
washed  with  warm  water  and  decompivsed  with  H^S,  and  the  filtrate  evap- 
orated to  dryness.  The  residue  is  extracted  with  hot  water  and  then 
the  solution  precijntatefl  with  mercuric  nitrate.  The  precipitate  L^  etfcid 
and  doeomposetj  by  H38.  From  tlie  evaporated  filtrate  the  allantoin 
cr\'staUizes  out.  This  method  can  be  used  for  the  quantitative  detenmna* 
tion  of  allantoin. 

ocx;h, 

Hippuric  Acid  (benzoyi/-amino  acetic  acid),  C„HoNO.= 

HN.CH,.CCX)H. 

Tliis   acid   decomposes   into  benzoic   acid  and   glyeoooll   on  boihng  isilh 

mineral   acids  or  alkalies,   and   also   b}-   the  putrefaction  of  the  urine. 

Tlie  reverse  of  this  occurs  if  thee?e  two  c<ini]>nnents  are  heated  in  a  sealed 

tube  according  to  the  following  equation:   (.\H.CO(  )IlH-XH2X'HjXXX»H  = 

CeHB.CO.NH,CH,.COOH  +  H,(>."    This    acid    may     be     synthetically   pre- 

paretl  from  benzamide  and  monorhlnr  acetic  acid,  CftH^.CO.NH^  +  CHjCI. 

C00H  =  CA^C0-^^HX1I,XX:kj1I  +  HC1,   and    in  various  other  ways,  but 

simplest  from  glycocoU  and  benzoyl  chloride  in  the  presence  of  alkali. 

Hippuric  acid  occurs  in  large  amounts  in  the  urine  of  herbivora,  but 
only  in  small  quantities  in  that  of  carnivora.  llie  quantity  of  hippuric 
acid  eliminateil  in  human  urine  on  a  mixed  diet  is  usually  less  than  1  gram 
per  day;  as  an  average  it  is  0*7  gram.  After  eating  freely  of  vegetables 
and  fmitj  especially  such  fruit  as  jilums,  the  quaniity  may  be  more  than 
2  grams,  Hippuric  acid  is  also  found  in  the  perspiration,  blood,  ^prarenal 
capsule  of  oxen,  and  in  iehthyosis  scales.  Xotliing  is  positively  known  ia 
regard  to  the  quantity  of  hippuric  acid  in  the  urine  in  disease* 

The  Formation  of  Hippuric  Acid  in  the  Organism.  Bemsoic  acid  and 
also  the  substituteti  benzoic  acids  are  convert-t*<l  into  hippuric  acid  and  sub- 
stituted hippuric  acids  within  the  l>ofly.  Moreover ♦  th«)se  bodies  are  trans- 
formed into  hippuric  acid  which  by  oxidation  (toluene,  cinnamic  acid, 
Indroeinnamic  acid)  or  b}'  reduction  (quinic  acid)  are  converted  into  1>eii' 
zoic  acid.    The  question  of  the  origin  of  hippuric  acid  is  therefore  connecteil 


'  Arch.  f.  exp.  Ptxih.  ll  Pharm.,  14, 
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mith  the  question  of  the  origin  of  benzoic  acid;  the  formation  of  the 
•Mond  component,  glycocoll,  from  the  protein  substances  in  the  body  is 
^questionable. 

Hippuric  acid  is  found  in  the  urine  of  starving  dogs  (Salkowski),  also 
in  dog's  urine  after  a  diet  consisting  entirely  of  meat  (Meissner  and 
Shepard,  Salkowski,  and  others  0-  It  is  evident  that  the  benzoic  acid 
-  originates  in  these  cases  from  the  proteids,  and  it  is  generally  admitted  that 
it  is  produced  by  the  putrefaction  of  proteids  in  the  intestine.  Among  the 
products  of  the  putrefaction  of  proteid  outside  of  the  bcxly  Salkowski  has 
found  phenylpropionic  acid,  CeHj.CHj.CHj.COOH,  which  is  oxidized  in 
the  organism  to  benzoic  acid  and  eliminated  as  hippuric  acid  after  combin- 
ing with  glycocoll.  Phenylpropionic  acid  seems  to  be  formed  from  the 
aminophenylpropionic  acid,  which  is  derived  from  several  protein  substances. 
The  supposition  that  the  phenylpropionic  acid  is  produced  from  tyrosin  by 
putrefaction  in  the  intestine  has  not  been  substantiateil  by  the  researches  of 
Baumanx,  Schotten,  and  Baas.'  The  importance  of  putrefaction  in  the 
intestine  in  producing  hippuric  acid  is  evident  from  the  fact  that  after 
thoroughly  disinfecting  the  intestine  of  dogs  with  calomel  the  hippuric  acid 
disappears  from  the  urine  (Baumanx  '). 

The  large  quantity  of  hippuric  acid  present  in  the  urine  of  herbivora  is 
partly  explained  by  the  specially  active  processes  of  putrefaction  going  on 
in  the  intestine  of  these  animals,  but  it  is  especially  due  to  the  large 
quantity  of  substances  in  the  plant-food  from  which  benzoic  acid  can  be 
formed.  There  is  hardly  any  doubt  that  the  hippuric  acid  in  human  urine 
after  a  mixed  diet,  and  especially  after  a  diet  of  vegetables  and  fruits,  origi- 
nates in  part  from  the  aromatic  substances,  e.  g.,  quinic  acid. 

The  view  proposed  by  Weiss  and  others  that  a  parallelism  exists  between 
the  excretion  of  hippuric  acid  and  uric  acid  in  that  an  increase  in  the  first  is 
followed  by  a  diminution  in  the  second  and  that,  for  example,  quinic  ac.d  produces 
a  diminution  in  the  excretion  of  uric  acid  corrasiwnding  to  the  increased  forma- 
tion of  hippuric  acid  (Weiss,  Lewin),  cannot  be  considered  as  sufficiently  proved  * 
(Hupfer). 

The  kidneys  may  be  considered  in  dogs  as  special  organs  for  the  syn- 
thesis of  hippuric  acid  (Schmiedeberg  and  Bungk*).  In  other  animals, 
as  in  rabbits,  the  formation  of  hippuric  acid  seems  to  take  ])laco  in  other 

'Salkowski,  Ber.  d.  deutsch.  chcm.  Gesellsch.,  11;  Meissner  and  Shepard,  Unter- 
8uch.  iiberdas  Entstehen  der  Hippursiiurc  ira  thierischen  Organismus.    Hannover,  ISGG 

»E.  and  H.  Salkowski,  Ber.  d.  deutsch.  chem.  Gesellsch.,  12;  Baumann,  Zeitschr. 
f.  physiol.  Chem.,  7;  Schotten,  ibid.,  8;  Baas,  ibid.,  11. 

»/6wf.,  10,  131. 

*  Weiss,  Zeitsch.  f.  physiol.  Chem.,  25,  27,  38;  Lewin,  Zeitschr.  f.  klin.  Med.,  42; 
Hupfer,  Zeitschr.  f.  physiol.  Chem.,  37.  See  also  Wiener,  ''Die  Hamsaure,"  Ergeb- 
nisse  der  Physiol.,  1,  Abt.  I. 

•  Arch.  f.  exp.  Path.  u.  Pharm.,  6;  also  Ar.  Hoffmann,  ibid.,  7,  and  Kochs,  Pfluger's 
Arch.,  20;  Baahford  and  Cramer,  Zeitschr.  f.  physiol.  Chem  ,  Vy 
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organs,  such  as  the  liver  and  muscles.     The  simthesis  of  hippuric  acid  isi 
therefore  not  exclusively  limited  t^D  any  special  organ,  though  perhaps 
some  species  of  animals  it  may  be  more  abundant  in  one  organ  than  in 
another* 

Propertks  and  Reactions  of  Hippuric  Acid.  This  acid  crystallizes  ia 
semi-transparent,  long,  four-sidetl,  milk-white,  rhombic  prisms  or  calurans, 
or  in  needles  by  rapid  crystallization.  The}''  diss^jlve  in  6(M)  parts  colj 
water,  but  more  easily  in  ht>t  water.  They  are  easily  soluble  in  alcoholt 
but  with  difTiculty  in  ether.  The  acid  dlssulves  more  easily  (alxjut  12  times) 
in  acetic  ether  than  in  etliyl  ether.     Petroleum  ether  ha  ^  no  effect  upon  them. 

On  heating  hi|>puric  acid  it  first  melts  at  187.5°  C.  to  an  oily  liquid 
which  cr}- stallizes  on  cooling.  By  continuing  the  heat  it  decomposes,  pro- 
dueini;  a  red  mass  and  a  subUmate  of  benzoic  acid,  with  the  generations 
first,  of  a  peculiar  pleasiint  odor  of  hay  and  then  an  odor  of  hydrocyanic 
acid.  Hippuric  acid  is  easily  differentiated  from  benzoic  acid  by  this 
behavior,  also  by  its  cr^'stalliiie  form  and  it.s  insolid>ility  in  petroleum 
ether.  Hippuric  acid  and  benzoic  acid  bnth  give  Lucre's  reaction,  namely, 
they  generate  an  intense  odor  of  iiitrolienzene  when  evaporated  to  dryuess 
with  nitric  acid  and  when  the  residue  is  heated  with  sand  in  a  glass  tube. 
Hippuric  acid  forms  crystallizable  salts,  in  most  cases,  with  bases.  The 
combinations  with  alkalies  and  alkaline  earths  are  soluble  in  wat^r  and 
alcohol.  The  silver,  copper,  and  lead  salts  are  soluble  with  difficulty  ia 
water;  the  ferric  salt  is  insoluble. 

Hippuric  acid  is  best  prepared  from  the  fresh  urine  of  a  horse  or  cow. 
Tlie  urine  Is  bolted  a  few  minutes  with  an  excess  of  milk  of  lime,  Tlie 
liciuid  is  filtered  while  hot,  concentrated  and  then  cooled,  and  the  hippuric 
acid  precijiitated  by  the  addition  of  an  e\ves&  of  hydrtvchloric  acid.  The 
crystals  are  pressed,  dissolved  in  mtlk  of  lime  by  boiling,  and  treated  as 
above;  the  hipjHiric  aci^l  is  precipitated  again  fnim  the  concentrated  fil- 
trate by  hydrochloric  acid.  The  crystals  are  purified  by  recr^'stallization 
and  decolorizetl,  when  necessary',  by  animal  charcoal. 

The  quantitative  estimation  of  hippuric  acid  in  the  nrme  may  be  per- 
formed by  the  following  uietliod  (liuNGE  and  Schmiedeberg  *):  The  urine 
is  first  matle  fnintly  alkaline  with  soila,  evaporated  nearly  to  drjmess,  and 
the  residue  thoroughly  extracted  with  strong  alcohoL  After  the  evapora- 
tion of  the  alc<ihnl  the  residue  is  dissolved  in  water,  the  solution  acidific»l 
wit] I  sulphuric  acid,  and  completely  extracted  by  itijitating  (at  leiist  five 
times)  with  fresh  iiortions  of  acetic  ether.  Tlie  acetic  ether  is  then  re- 
peatedly washcfl  with  water,  which  is  removed  by  means  of  a  separatory 
furuicl,  then  evaporatetl  at  a  medium  temperature  and  the  dry  residue 
treate  1  reneateflly  ^^ith  petrolriim-ether.  which  dissolves  the  benzoic  acid, 
ox  vac  ids,  fat,  and  phenols,  while  the  hippuric  acid  remains  undissolved* 
This  residue  is  now  dLssnlved  in  a  little  warm  water  and  evaporatrnl  at 
50-^0°  C\  to  cr>"stallization      Tlie  crv'stals  are  collect^l  on  a  small  weighed 

*  Airh.  r  exp   Pnth   ii.  Pharm.,  fi.     In  rei^rd  to  other  methods,  such  aa  BlumeEH 
thai  05  well  as  PfeifTer,  Blench  nn-j  Rierke.  see  Malv*^  .Tahresher  .  30  and  32 
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filter.  The  mother-liquor  is  repeatedly  shaken  with  acetic  ether.  This 
kst  is  removed  and  evaporated;  the  residue  is  added  to  the  above  crystals 
<Mi  the  filter,  dried  and  weighed. 

Phenmcettiric  Acid,  Ci,H,iNO,  -CA.CHa.0O.NH.CHa.COOH.  This  acid,  which 
V  produced  in  the  animal  body  by  a  combination  of  glycocoll  with  the  phenyl- 
Metic  acid,  C,H|.CH2.CXX)H,  formed  in  the  putrefaction  of  the  proteids,  has 
beca  prepared  from  horse's  urine  by  Salkowski,*  but  it  probably  also  occurs 
ia  humm  urine. 

Benzoic  Acid,  C7H«02  or  C^.CXX)H,  is  found  in  rabbit's  urine  and  sometimes,  * 
though  in  small  amounts,  in  dog's  urine  (Weyl  and  v.  Anrep).  According  to 
Jaabsvkld  and  Stokvis  and  to  Kronecker  it  is  also  found  in  human  urine  in 
<li8eases  of  the  kidneys.  The  occurrence  of  benzoic  acid  in  the  urine  seems  to 
be  due  to  a  fermentative  decomposition  of  hippuric  acid.  Such  a  decomposition 
may  very  easily  occur  in  an  alkaline  urine  or  in  one  containing  proteid  (Van  db 
Veldb  and  Stokvis).  In  certain  animals — pigs  and  dogs — the  kidneys,  accord- 
iiigto  ScHiflBDEBERO  and  Minkowski,^  contam  a  special  enzyme,  Schmiedeberq's 
hiitogyrn,  which  splits  the  luppuric  acid  with  the  separation  of  benzoic  acid. 

Ethereal  Sulphuric  Acids.  In  the  putrefaction  of  proteids  in  the  intes- 
tine, phenols,  whose  mother-substance  is  considered  to  be  tyrosin,  and  indol 
tod  skatol  are  produced.  These  phenols  directly,  and  the  two  last-named 
bodies  after  they  have  been  oxidized  respectively  into  indoxyl  and  skatoxyl, 
pass  into  the  urine  as  ethereal  sulphuric  acids  after  uniting  with  sulphuric 
acid.  The  most  important  of  these  ethereal  acids  are  phenol-  and  cresoU 
sulphtiric  adds — ^which  were  formerly  also  called  phenol-forming  substances 
-indoxyl-  and  akatoxyl-siUpkuric  acids.  To  this  group  belong  also  the 
pyrocalechin'SiUpkuric  add,  which  occurs  only  in  very  small  amounts  in 
human  urine,  and  kydroguinone'SiUphuric  add,  which  appears  in  the  urine 
after  poisoning  with  phenol,  and  under  physiological  conditions  perhaps 
other  ethereal  acids  occur  which  h(*ve  not  been  Isolated.  The  ethereal 
sulphuric  acids  of  the  urine  were  discovered  and  specially  studied  by 
Baumann.'  The  quantity  of  these  acids  in  human  urine  is  small,  while 
horse's  urine  contains  larger  quantities.  According  to  the  determinations 
of  V.  D.  Velden  the  quantity  of  ethereal  sulphuric  acid  in  human  urine  in 
the  twenty-four  hours  varies  between  0.094  and  0.620  gram.  The  rela- 
tionship of  the  sulphate-sulphuric  acid  A  to  the  conjugated  sulphuric  acid 
B  in  health  is  on  an  average  as  10  : 1.  It  undergoes  such  great  variations,  as 
found  by  Baumann  and  Herter,*  and  after  them  by  many  other  investi- 
gators, that  it  is  hardly  possible  to  consider  the  average  figures  as  normal. 
After  taking  phenol  and  certain  other  aromatic  substances,  as  well  as  when 
putrefaction  within  the  organism  is  general,  the  elimination  of  ethereal  sul- 

^Zeitschr.  f.  physiol.  Chem.,  9. 

'Weyl  and  v.  Anrep,  Zeitschr.  f.  physiol.  Chem.,  4;  Jaarsveld  and  Stokvis,  Arch. 
1  exp.  Path.  u.  Pharm.,  10;  Kronecker,  ibid,,  16;  Van  der  Velde  and  Stokvis,  ibid,, 
17;  Schmiedeberg,  t&id.,  14,  379;  Minkowski,  ibid.,  17. 

•  Pfluger's  Arch..  12  and  13. 

*v.  d.  Velden,  Virchow's  Arch.,  70;  Herter,  Zeitschr.  £,  physiol.  Chem.,  L 
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phiiric  acid  is  greatly  increased.  On  the  contrary,  it  is  dimimshed  when  ihs 
putrefaction  in  tlie  intetine  is  reduced  or  prevented.  For  this  reason  it 
may  be  greatly  diminLshed  by  carbohydrates  and  exclusive  milk  diet*  Tht 
intestinal  putrefaction  and  the  elimination  of  ethereal  sulphuric  acid  bis 
also  been  dlmiiiLshe^l  in  certain  cases  by  certain  therapeutic  agents  which 
have  an  antiseptic  action;  still  the  statements  are  not  unanimous.' 

Great  importance  has  been  given  to  the  relationship  between  the  toUl 
sulphuric  acid  and  the  conjugated  sulphuric  acid,  or  between  the  conjugated 
sidphuric  acid  and  the  sulphate-sulphuric  acid,  in  the  study  of  the  iutaisity 
of  the  putrelaetion  in  the  intestine  under  different  conditions.  Seveml 
investigators,  F.  Miller,  Salkowski,  and  v.  Ndorden/  consider  cor- 
rectly that  this  relationship  b  only  of  secondary  value,  and  that  it  is  more 
correct  to  consider  the  al^solute  value.  It  must  be  remarked  that  the  abso- 
lute values  for  the  conjugat-ed  sulphuric  acid  also  undergo  great  variation, 
so  that  it  Is  at  present  impossible  to  give  the  upper  or  lower  limit  for  the 
normal  value. 

Pheuol-     and     p  -  Cresol  -  sulphuric    Acid^    C^Hj ,  O.  SO, .  OH    and 

CJI^<Q^  ^^'"     .      Tliese  acids  are  found  as  alkali  salts  in  human  uriiie» 

in  which  also  orthocresol  has  been  detcctet!.  The  quantity  of  cresoi-sulphurie 
acid  is  considerably  greater  than  phenol-sulphuric  acid  In  the  quantitative 
estimation  the  phenols  are  set  free  from  the  two  ethereal  acids  and  deter- 
mined together  as  tribromphenoL  The  quantity  of  phenols  which  arc 
separated  from  the  ethereal-sulphime  acids  of  the  urine  amounts  t<j  17-51 
milligrams  in  the  twenty-four  hours  (Munk).  The  methods  for  the  quantita- 
tive estimation  used  heretofore  give,  according  to  Rumpf,  as  well  as  K(»?>sler 
and  Penny, ^  such  inaccurate  results  that  new  determinations  are  vejr>'  desir- 
able.  After  a  vegetable  diet  the  quantity  of  these  ethereal-sulphuric  acids  u 
greater  than  after  a  mixed  diet.  After  the  ingestion  of  carbolic  acid^  which 
is  in  great  pa^t  converted  by  synthesis  within  the  oi^ani  m  into  phejiol- 
sulphuric  acid,  besides  also  pyrocatechin-  and  hydroqu  non-si dphuric 
acid,^  or  when  the  amount  of  sulphuric  acid  is  not  sufficient  to  combine  I 


*  See  Hirsi?hler,  Zeit^chr.  f.  plmiol.  Chem.,  10;  Biernacki,  Deutscb*  Atx^h.  f,  kUn. 
Med.,  41*;  FiovigU,  Zeiuchr  f.  ph3^sioI.  Chem.,  16;  WLiifeniitz,  thid.t  and  8chinit«» 
ibid.,  i:  and  111. 

'Sec  Banmann  and  Momx,  Zeitechr.  f  phy.siol  Cheni.,  10;  StciflT,  Zeit«cbr.  L 
klin.  Med  ,  Itl;  Rovighi,  1.  c;  Stem,  Zeitschr  f.  Hyjc^ene^  12;  and  Bartoechefwitsch^ 
Zeitschr.  f.  phy.Hiol.  Chem.,  17;   Mosse,  ibid.^  2{t. 

'  Muller.  Zeitschr.  t  klin  Med,,  12;  v,  Noorden,  ibid,,  17;  Salkowski,  ZeilBchr. 
r  physiol   Chem.,  12. 

*Mimk,  Pfliiger*s  Arch.,  12;  Rumpf,  Zeitschr.  f.  physiol.  Chem.,  16;  Koasler  md 
Penny,  i}>id.,  17, 

^  See  Baimiann^  Pfluger's  Arch.^  12  and  13^  and  Banmann  and  Preusse^  Zdtsohr^ 
L  pbysiol.  Chem.,  S,  156. 
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nith  the  phenol,  it  forms  phenyl-glucuronic  acid/  the  quantity  of  phenols 
and  ethereal-sulphuric  acicb  in  the  urine  is  considerably  increased  at  the 
expense  of  the  sulphate-sulphuric  acid. 

An  increased  elimination  of  phenol-sulphuric  acids  occurs  in  active 
putrefaction  in  the  intestine  with  stoppage  of  the  contents  of  the  intestine,, 
as  in  ileus,  diffused  peritoniti  with  atony  of  the  intestine,  or  tuberculous' 
enteritis,  but  not  in  simple  obstruction.  The  elimination  is  also  increased' 
by  the  absorption  of  the  product .  of  putrefaction  from  purulent  wounds  or 
abscesses.  An  increased  elimination  of  phenol  has  been  observed  in  a  few 
other  cases  of  diseased  conditions  of  the  body.' 

The  alkali  salts  of  phenol-  and  cresol-sulphuric  acids  crystallize  in  white 
pktes,  similar  to  mother-of-pearl,  which  are  rather  freely  soluble  in  water. 
They  are  soluble  in  boiling  alcohol,  but  only  slightly  soluble  in  cold.  On 
boiling  with  dilute  mineral  acids  they  are  decomposed  into  sulphuric  acid 
and  the  corresponding  phenol. 

Phenol-sulphuric  acids  have  been  synthetically  prepared  by  Baumanit 
from  potassium  p3ax)sulphate  and  phenol-  or  2>-cresol-potassium.  For  the 
method  of  their  preparation  from  urine,  which  is  rather  complicated,  and 
also  for  the  known  phenol  reactions,  the  reader  is  referred  to  other  text- 
books. The  quantitative  estimation  of  these  ethereal-sulphuric  acids  was 
usually  performed  by  weighing  the  phenol  which  was'  separated  from  the 
urine  9S  tribromphenol.  At  the  present  time  the  following  method  is 
employed: 

KossLER  and  Penny's  method  with  Neuberg^s'  modification.  The 
liquid  containing  phenol  is  treated  with  N/10  caustic  soda  until  strongly 
alkaline,  warmed  on  the  water-bath  in  a  flask  with  a  glass  stopper,  and 
then  treated  with  an  excess  of  N/10  iodine  solution,  the  quantity  being 
exactly  measured.  Sodium  iodide  is  first  formed  and  then  sodium  hypo- 
iodite,  which  latter  forms  tri-iodophenol  with  the  phenol  according  to  the 
following  equation: 

CeH^OH  +  3NaI0 = CeH.Ig.OH  -f  3NaOH. 

On  cooling  acidify  with  sulphuric  acid  and  determine  by  titration  with 
N/10  sodium  thiosulphate  solution  the  excess  of  iodine.  This  process 
is  also  available  for  the  estimation  of  paracresol.  Each  cubic  centimeter 
of  the  iodine  solution  used  is  equivalent  to  1.5670  milligrams  of  phenol  or 
1.8018  milligrams  of  cresol.  As  the  determination  does  not  give  any  idea 
as  to  the  variable  proportions  of  the  two  phenols,  the  quantity  of  iodine 
used  must  be  calculated  as  one  or  the  other  of  the  two  phenols.  Before 
such  a  determination  is  carried  out  the  concentrated  urine  is  first  distilled 
after  acidification  with  sulphuric  acid  and  the  distillate  purified  by  pre- 
cipitation with  lead  and  distilled  again  (Neuberg).  For  details,  see 
Neuberg,  1.  c,  and  Hoppe-Seyler-Thierfelder's  Handbuch,  7.  Aufl. 

^  Schmiedeberg,  Arch.  f.  exp.  Path.  u.  Pharra.,  14. 

'See  G.  Hoppe-Seyler,  Zeitschr.   f.   physiol.   Chem.,  12.     This  contains  also  all 
references  to  the  literature  on  this  subject.     Fedeli,  Moleschott's  Untersuch.,  15. 
•  Kossler  and  Penny,  Zeitschr.  f.  physiol.  Chem.,  17;  Neuberg,  ibid.,  27. 
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The  methods  for  the  separat'e  determination  of  the  conjugated  gulphuri^ 
acid  and  the  sulphate-sulphuric  acid  will  be  spoken  of  later  in  cxjnnectioc^ 
with  the  determination  of  the  sulphuric  acid  of  the  urine. 


Pyrocate chin-sulphuric  Acid.     This  acid  was  first  found    in  horse's  urine 
rather  large  quantities   by  Baumaxn.     It  occurs    in  human  urine  only  in   th^ 
very    smallest    amounts,    and     iierbaps    not     constantlv^    but    it    is     present 
abundantly  in  the  urine  after  takijig    phenol,  pyrocatec&in,  or    protocatechuic 
acid. 

With  an  exclusive  meat  diet  this  acid  does  not  occur  in  the  urine,  and  it 
therefore  must  originate  from  vegetable  food.  It  probably  originates  from  the 
protocatechuic  acid,  which,  ticcording  to  Preusse,  passes  in  part  into  the  mine 
as  pyropatechin-isulphyrie  acid.  This  acid  may  also  perhaps  depend  on  the 
oxidatioo  of  phenol  within  the  organism  (Baumann  and  Freusse  *). 

Pyrocatechin,  or  *j-i>ioxt benzene,  CaHj(OH)j,  was  first  observed  in  the  urine 
of  a  child  (Ehhtein  and  J.  Muli.er).  The  reducing;  body  alcapton,  first  found 
by  BooEKCR  ^  in  human  urine  and  which  was  considered  for  a  long  time  as  ident- 
ical with  pyrocate  chin,  is  in  most  casea  probably  homogentisic  add  or  luroleucic 
€ieid  (see  below). 

Pyrocaterhin  rr^-^stallizes  in  prisms  which  are  soluble  in  alt*oholt  ether,  and 
ivater.  It  melt,^  at  102-104°  €.,  and  sublimes  in  shining  plates.  The  watery 
solution  becomes  green,  brown,  and  ultimately  black  in  the  presence  of  alkali  and* 
the  oxygen  of  the  air.  If  very  dilute  ferric  chloride  is  treated  with  tartAric  add 
^od  then  oiade  alkahoe  with  ammonia,  and  this  added  to  a  watery  solution 
<jf  pyroratechin,  we  obt^iin  a  %^iolet  or  cherry -red  lit|md  which  becomes  green 
cm  saturating  with  acetic  acid.  Py  ocatccliin  is  precipitated  by  le^d  acetate. 
It  reduces  an  ammoniacal  silver  solution  at  the  ordinary  temperature,  tnd  re- 
duces alkaline  copper-oxide  solutions  with  heat,  but  does  not  reduce  bismuth 
oxide. 

A  urine  containing  pyrocatechin^  if  exposed  to  the  air.  esfieci ally  when  alkaline, 
<]uickly  becomes  dark  and  reduces  alkaline  copper  solutions  when  heated.  In 
detecting  pyrocatei^hin  in  the  urine  it  is  concentrated  when  neeessar)^  filtered* 
boiknl  with  the  addition  of  Hul]>horic  acid  to  rcnrove  the  phenob,  and  repeatedly 
«haketi  after  coolirjg  with  ether.  The  ether  is  distilled  from  the  several  ethereal 
extracts,  the  residue  neutralized  with  bjirium  carbonate  and  shaken  again  ^ith 
-ether.  The  pyro(*afechin  which  remains  after  evaporating  the  ether  may  be 
purified  by  recrystallization  from  btnizene. 

Hydro quinoae,  or  p-[»ioxyEEN  ene,  CpH^COH)^,  often  occurs  in  the  urine  after 
the  use  of  phenol  (11a um ANN  and  Prei'shk).  The  dark  color  which  certain  urines, 
sc>-called  "carbolie  urines, ''  assume  in  the  air  is  due  to  decom|M>sition  j^roducts, 
Hydroquinone  dcjes  not  occur  as  a  nornuil  constituent  of  urine^  but  after  the  ad- 
ministration of  hydroquinone,  according  to  Lewin,^  it  passes  into  the  urine  of 
rabbits  as  an  ethereal-sulphuric  acid,  being  a  decora jxisition  product  of 
arhutin. 

Ii\'dmquinone  forms  rhombic  crystals  which  are  readily  soluble  in  water|, 
alcohol ,  and  ctbcr.  It  melti^  at  169'^  C.  Like  pyroratechin,  it  easily  reduced 
tnctallic  oxides.  It  acts  like  pyrocMcchin  with  alkalies,  but  is  not  precipitat45d 
with  kvid  acetate*  It  is  oxidized  into  quinone  by  ferric  chloride  and  other  oxidii- 
ing  agents,  and  quinone  can  be  detected  by  iti  peculiar  odor.  Hydnjquinone- 
Bul|>!)urtc  acid  is  detected  in  the  urine  by  the  same  methods  as  pyrocatechin- 
sulphuric  acid. 


I 


'  Baumann  and  Herter^  Zeitschr.  f.  physioL  Chem.,  1;  Preusse,  ibid,,  2:  BaumaoOpI 

ibid.,  3. 

'  Ebetein  and  Muller,  Virchow's  Arch.,  62;  Bodeker,  Zeitschr.  f.  mt.  Med-  (3)»  7. 
*Viiehow'd  Arch.,tt2. 
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CH 

Iiidoxyl-siilphuricAcid,CsH7NS04-HC      C— C.O^Oa(OH),  also  called 

HC      C    CH 

CH  NH 

miNE  INDICAX,  formerly  called  uroxaxthine  (Heller),  occurs  as  an  alkali- 

»lt  in  the  urine.    This  acid  is  the  mother-substance  of  a  great  part  of 

the  indi(T  of  the  urine.    The  quantity  of  indigo  which  can  be  separated 

from  the  urine  is  considered  as  a  measure  of  the  quantity  of  indoxyl-sul- 

phuric  acid  (and  indoxyl-glucuronic  acid)  contained  in  the  urine.    Thia^ 

amount,  according  to  Jaff6,*  for  man  is  5-20  milligrams  per  twenty-four 

iiouis.    Horse's  urine  contains  about  twenty-five  times  as  much  indigo- 

fonning  substance  as  human  urine. 

Indoxyl-eulphuric  acid  is  derived,  as  previously  mentioned  (page  335)^ 
from  indol,  which  is  first  oxidized  in  the  body  into  indoxyl  and  is  then 
coupled  with  sulphuric  acid.  After  subcutaneous  injection  of  indol  the  elimi- 
nation of  indican  is  considerably  increased  (Jaff6,  Baumann  and  Brieger). 
It  is  also  increased  by  the  introduction  of  orthonitrophenylpropiolic  acid 
in  the  animal  organism  (G.  Hoppe-vSeyler  ').  Indol  is  formed  by  tho 
putrefaction  of  proteids.  The  putrefaction  of  secretions  rich  in  proteid  in 
the  intestine  explains  also  the  occurrence  of  indican  in  the  urine  during 
starvation.  Gelatine,  on  the  contrary',  does  not  increase  the  elimination  of 
indican. 

An  abnormally  increased  elimination  of  indican  occurs  in  such  diseases  as 
obstruct  the  small  intestine,  causing  an  increased  putrefaction  and  thus  pro- 
ducing an  abundance  of  indol.  Such  an  increased  elimination  of  indican 
occurs  on  tjang  the  small  intestine  of  a  dog,  but  not  the  large  intestine 
(Jaff£),  an  observation  which  has  been  confirmed  recently  by  Ellixger 
and  Prutz.'  They  removed  an  intestinal  loop  in  dogs  and  replaced  it 
in  a  reversed  position,  the  distal  end  of  the  loop  being  attached  to  the 
proximal  end  of  the  intestine,  and  in  this  manner,  by  the  inverted  peristalsis 
so  obtained  they  effected  a  disturbance  in  the  movement  of  the  intestinal 
contents.  It  was  shown  that  this  obstruction  in  the  small  intestine  caused 
an  increased  elimination  of  indican,  while  an  obstruction  in  the  large  intes^ 
tine  showed  no  such  action. 

The  putrefaction  of  proteids  in  other  organs  and  tissues  besides  the- 
intestine  may  also  cause  an  increase  in  the  indican  of  the  urine.  Certain 
investigators,  Blumenthal,  Rosexfeld  and  Lewix,  claim  to  have  shown 

'  Pfluger's  Arch.,  3. 

'  Jaff^,  Centralbl.  f.  d.  med.  Wissensch.,  1872;  Baumann  and  Brioger,  Zeitschr.  t 
ph3r8iol.  Chem.,  8;  G.  Hoppe-Seyler,  ihtd.,  7  and  8. 

*  Jafif^,  Virchow's  Arch.,  70;  Ellinger  and  Pnitz,  Zeitschr.  f.  physiol.  Chem.,  38. 
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that  an  increased  excretion  of  indican  can  be  brought  a1x>ut  also  withoi 
piitrefa(*tiou  l>v  an  increased  tlcstr miction  of  tissue  in  starvation  and  also  afi 
phlorhizin  puiaouing;  but  these  statements  are  actively  disputed  by  olb 
investigators,  such  els  P.  Mayer,  Scholz,  and  Ellinger/  and  are  still  ui 
settlctiL  After  poisoning  with  oxalic  acid  Harnack  and  v.  Levex  found 
increased  indican  elimination  and  Moraczewski  has  been  able  to  prove  m 
certain  paraikdism  between  the  quantity  of  indican  and  the  quantity  of  oxalic 
acid  in  diabetes.  Scholz  ^  oljtauicd,  on  the  contrary,  no  increase  in  the 
excretion  of  indican  after  oxalic  acid*  An  increased  elimination  of  indican 
has  been  observed  in  many  diseases,"  and  in  these  cases  the  quantity  of  phenol 
eliminated  h  also  generally  increased.  A  urine  rich  in  phenol  is  not  always 
rich  m  indican. 

The  |>otassium  salt  of  indoxjd-sulphuric  acid,  which  was  prepared  pure 
by  Baumaxn  and  Brieger  from  the  urine  of  a  dog  fed  on  indol,  has  since 
been  prepared  synthetically  by  Baumaxn  and  Thesen/  by  fusing  phenyl- 
glycin-orthocarbonic  acid  with  alkali  and  then  from  this  producing  the 
iudoxylsulphate  by  means  of  potassium  p\Tosulphate.  It  crj'stallizes  in 
colorless,  shining  plates  or  leaves  which  are  eiisily  soluble  in  w^ater,  but  less 
readily  in  alcohol  It  is  split  by  mineral  acitls  hito  sulphuric  acid  and 
infloxvL  The  latter  %vithoiit  access  of  air  passes  iiit«  a  red  compound, 
ind(jxyl-red,  but  in  the  presence  of  oxidizing  reagents  is  converted  into 
indigoblue :  ^iCgH^NO  +  20  =  Ci^^Hi^Np, + 2H3O.  The  detection  of  indican 
is  based  on  this  last  fact. 


nta  J 
can  J 


For  the  rather  complicated  preparation  f>f  indox>'l-sulphuric  acid  as  the 
potassium  salt  from  urine  the  reader  Is  referred  to  other  text-books.  For 
the  detection  of  indican  in  urine  in  ordinarj-  cases  the  following  method  of 
Iaff^-Oreemavee,  which  also  serves  as  an  approximate  test  for  the  quan- 
tity i)f  indican,  l^  sufficient. 

jAFF6-t)riERMAYER*s  Indimti  Test.  Jaffi^:  uses  chloride  of  lime  as  the 
oxidizing  agent,  while  Obermayer  employs  ferric  chloride.  Other  oxidizing 
agents  have  been  suggested,  such  as  potasshnn  permanganate,  potassium 
bichromate,  alkali  chlorate,  and  hydrogen  peroxide  (the  latter  suggested 
by  PoRCHER  and  Hervieux^).  With  Obermayer 's  reagent  the  t€«t  is 
performed  as  follows: 

»  Blumenthal,  ArcL  I  (Aaat.  u.)  PhysioL,  ITOl.  Suppl.,  and  1902,  with  Rosenfeld. 
Chant/-  aniialen,  27;  Lcwin,  Hofmeister's  Beitrage,  1;  Mayer,  Arch.  f.  (Anal,  u,) 
Physrol.  1902,  Zeitschr.  f.  klin.  Mod.,  47,  and  Zeitschr.  f,  physiol  Chein.,  29,  32;  Schols, 
ibid,,  3.S;    ElliiiKcr.  (bid.,  30. 

"Hiimftck,  ihui.,  29:  Schulz,  i  c;   Moraczewski,  CentralhL  f.  innere  Med.,  1903. 

*  See  Jiidi',  Pniirjer's  Areh.»  3;  Senator,  CentralKl.  f,  d.  mfd.  VVissenscK »  1877 J 
G,  Hoppp-Scyier,  Zeit.^chr.  f.  physioL  Chem.,  12  (contains  older  literAture);  alao 
Bed.  klin.  Wochf»n8chr.,  1S92. 

*  Batiniaiin  with  Brieger,  Zeitschr.  f.  physiol.  Chem.,  3;  with  Thesen,  ibid,,  231. 
*JafT<?,  Pfl liter's  Arch.,  3;    <  Hwnrmyor,  Wien.  kliti.  Wocheoschr.,  1890;     Porcher 

and  Hen'ieiix,  Zeitschr.  f.  ph^-siol  Chem.,  39. 
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The  acid  urine  (if  alkaline  it  must  be  acidified  with  acetic  acid) 
(Elungeb)  is  precipitated  with  basic  lead  acetate,  1  c.  c.  for  every  10  c.  c. 
d  the  urine.  20  c.  c.  of  the  filtrate  are  treated  in  a  test-tube  with  an  equal 
Yohime  of  pure  concentrated  hydrochloric  acid  (specific  gravity  1.19) 
irtich  contains  2-4  grams  ferric  chloride  in  the  liter  and  2-3  c.  c.  chloro- 
form added  and  immediately  thoroughly  shaken.  The  chloroform  is 
colored  hereby  more  or  less  blue,  depending  upon  the  amount  of  indican. 
Besides  indigo  blue  we  may  also  have  indigo  red  produced,  whose  formation 
lias  been  explained  in  various  ways.  The  quantity  of  indigo  red  becomes 
greater  the  slower  the  oxidation  takes  place,  and  especially  when  the 
decomposition  takes  place  in  the  warmth  (see  the  works  of  Rosin,  Bouma, 
Wang,  Maillard,  and  Elunger  *). 

The  chloroform  solution  of  indigo  obtained  in  the  indican  test  may  be 
used  in  the  quantitative  colorimetric  determination  by  comparison  with  a 
solution  of  indigo  in  chloroform  of  known  strength  (Krauss  and  Adrian'). 
Wang  and  others  convert  the  indigo  into  indigo-sulphonic  acid  by  con- 
centrated sulphuric  acid  and  titrate  with  potassium  permanganate.  It  is 
still  undecided  as  to  the  surest  and  most  trustworthy  method  for  the  deter- 
mination of  indican  and  especially  as  to  the  question  how  the  indigo  resi- 
due is  to  be  washed  (see  Wang,  Bouma,  and  Ellinger)  and  for  this  reason 
we  will  only  refer  to  the  works  cited  above. 

Indol  seems  also  to  pass  into  the  urine  as  a  glucuronic  acid,  indoxyU 

glucuronic  acid  (Schmiedeberg).   Such  an  acid  has  been  found  in  the  urine 

of  animals  after  the  administration  of  the  sodium-salt  of  o-nitro-phenyl- 

propiolic  acid  (G.  Hoppe-Seyler '). 

CH 

/\ 
HC      C-C.CH, 

Skatoxyl-sulphuric  Acid,  C^jNS04=     |       ||     ||  ,  has  not 

HC      C    CCSOjOH 

CH  NH 
been  positively  prepared  as  a  constituent  of  normal  urine,  while  Otto  has 
once  prepared  its  alkali  salt  from  diabetic  urine.  Perhaps  skatoxyl  occurs 
in  normal  urine  as  a  conjugated  glucuronate  (Mayer  and  Neuberg  *),  and 
it  h  believed  that  the  urine  contains  a  skatol-chromogen  from  which  red  and 
reddish-violet  coloring-matters  are  obtained  by  decomposition  with  strong 
acids  and  an  oxidizing  agent. 

Skatoxyl-sulphuric  acid  originates,  if  it  exists  in  the  urine,  from  skatol 


*  Rosin,  Virchow's  Arch.,  123;  Bouma,  Zeitschr.  f.  physiol.  Chem.,  27,  30.  32, 
«9;  Wang,  ibid.,  25,  27,  28;  Ellinger,  ibid.,  38;  Maillard,  Bull.  soc.  chim.,  Paris  (3), 
29,  and  Compt.  rend.,  136. 

'Krauss,  Zeitschr.  f.  physiol.  Chem.,  18;  Adrian,  ibid.,  19;  Wang,  ibid.,  25. 

■Schmiedeberg,  Arch.  f.  exp.  Path.  u.  Pharm.,  11;  G.  Hoppe-Scyler,  Zeitschr.  f. 
physiol.  Chem.,  7  and  8. 

*Otto,  Pfliiger's  Arch.,  33;  Mayer  and  Neuberg,  Zeitschr.  f.  physiol.  Chem.,  29. 
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which   is  formed   by  putrefaction   in   the  intestine,   and  which  is  thea 
coupleil  with  sulphuric  acid  after  oxidation  int(3  skatox^'l      That  skiU>^ 
introduced  into  the  body  passes  partly  as  an  ethereal*5ulphuric  acid  ia^^ 
the  urine  has  been  shown  by  Brieger,    Indol  and  skatol  act  differently,  ^ 
least  in  dogs;    indol  producing  a  considerable  amount  of  ethereal-sulphuT'*"^ 
acid,  while  skatol  gives  only  a  small  quantity  (Mester  '). 

The  potassium-salt  of  skatoxyi-sulphuric  acid  is  cr>^stalline;  it  dissolv* 
in  water,  but  with  tlifficulty  in  alcohol.  A  waterv'  solution  becomes  deep 
violet  with  ferric  chloride  and  red  with  concentrated  nitric  acid.  The  salf 
is  decomposed  by  concentrated  hydrochloric  acid  with  the  separation  of  a^ 
red  precipitate.  The  nature  of  this  red  colormg-matter  produced  by  the 
decomposition  of  skatoxyi-sulphuric  acid  is  not  well  known ;  neither  has  the 
relationship  existing  between  this  and  other  red  coloring-mattere  in  the 
urine  been  decided.  On  distillation  with  zinc-dtist  the  skatol-chromogen 
yields  skatol. 

Urines  containing  skatoxyl  are  colored  dark  red  to  violet  by  JAFFt's 
indican  test  even  on  the  addition  of  hydrochloric  acid;  with  nitric  acid  thy 
are  colored  cherry-red,  and  red  on  warming  with  ferric  chloride  and  hydro- 
chloric acid.  The  coloring-matter  w^hich  yields  skatol  Tuith  zinc-dust  may 
be  removed  from  the  urine  by  ether.  Urines  rich  in  skatoxyl  darken  from 
the  surface  downward  when  allowed  to  stand  in  the  air,  and  may  become 
reddish,  violet,  or  nearly  black.  Rosin  '  is  of  the  opinion  that  no  skatol- 
chromogen  exists  in  human  urine,  and  that  the  obsen^ations  made  hereto- 
fore were  due  to  a  confusion  with  indigo  red  or  urorosein*  We  find  also 
sometimes  statements  as  to  a  red  * 'skatol  pigment,*^  which  like  urorosein 
is  soluble  in  arnyl  alcohol,  but  insoluble  in  chloroform,  and  whose  nature 
is  questionable.  Only  the  formation  of  skatol  by  distillation  with  zinc 
powder  can  be  considered  as  a  positive  proof  as  to  the  skatol  nature  of  a 
pigment. 

Salkowski  '  has  demonstrated  that  the  ocfurrenee  of  skatol-carhoftir  acui, 
CyH|,.XXXX)H,  in  normal  urine  is  probable.  Thi  is  also  a  product  of  putrefaction- 
When  intmchirod  into  the  animal  body  this  acid  refipj^eara  unchanged  in  the 
urme.  With  hydrorhloric  acid  and  vory  dilute  ferric -chloride  solution  it  gives  an 
intense  violet  color  to  the  solution.  The  rea(*tion  responds  with  a  watery  8olu- 
tion  containing  1  :  10,000  of  skatol-c^rbonic  acid. 

Aromatic  Oxyacids.  In  the  putrefaction  of  proteids  in  the  intestine^ 
paraoxyphenjfI'ac4tw  add,  CJl^(OH)£ll^C(Hm,  and  paraoxyphenyl-pro^ 
piontc  acid,  C,H^(OH).CjH<.00OH,  are  formed  from  tyrosin  as  an  intenne- 

^  Brieger,   Ber.  d.  deutuch.   chem.  Gesdkcb.,  12,  and  Zcitschr.  f.  physioL  Cbem  * 
4,414:  Mester.  ibid.,  12. 
M'ircbaw'8  Arch,.  123. 
*Zeit8chr.  f.  phyaiol  Chem,,  9. 
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diate  step,  and  these  in  great  part  pass  unchanged  into  the  urine.    The 

cpiantity  of  these  acids  is  usually  very  small.    They  are  increased  under  the 

same  conditions  as  the  phenols,  especially  in  acute  phosphorus  poisoning, 

in  which  the  increase  is  considerable.    A  small  portion  of  these  oxyacids 

is  combined  with  sulphuric  acid. 

Besides  these  two  oxyacids  which  regularly  occur  in  human  urine  we 

sometimes  have  other  oxyacids  in  urines.    To  these  belong  homogentisic 

aeid  and  uroleudc  add,  which  form  the  specific  constituents  of  the  urine 

in  most  cases  of  alcaptonuria,  oxymanddic  addy  found  by  Schultzen  and 

RiESS  in  urine  in  acute  atrophy  of  the  liver,  oxyhydroparacoumaric  acid, 

found  by  Blexdermann  in  the  urine  on  feeding  rabbits  with  ty rosin,  gallic 

oddj  which,  according  to  Baumann,*  sometimes  appears  in  horse's  urine, 

and  kynurenic  add  (oxyquinolincarbonic  acid),  which  up  to  the  present 

time  has  been  found  only  in  dog's  urine.    Although  all  these  acids  do  not 

belong  to  the  physiological  constituents  of  the  urine,  still  they  will  be 

treated  in  connection  with  these. 

OH 
Paraoxyphenyiacetic  Acid,  CgH80,=CeH4<^g  COOH'  *^^ 

p-Ozyphenylpropionic     Acid     (Hydroparacoumaric     Acid),     Cfijd^^ 

OH 
C|H4<QCTQxi  QQQTi,  are  crystalline  and  are  both  soluble  in  water  and 

in  ether.    The  first  melts  at  148^  C.  and  the  other  at  125°  C.    Both  give 
a  beautiful  red  coloration  on  being  warmed  with  Millon's  reagent. 

To  detect  the  presence  of  these  oxyacids  proceed  in  the  following  way  (Bau- 
mann):  Warm  the  urine  for  a  while  on  the  water-bath  with  hydrochloric  acid 
in  order  to  drive  off  the  volatile  phenols.  After  cooling  shake  three  times  with 
ether,  and  then  shake  the  ethereal  extracts  with  dilute  soda  solution,  which  dis- 
solves the  oxyacids,  while  the  residue  of  the  phenols  which  ar  soluble  in  ether 
remains.  The  alkaline  solution  of  the  oxyacids  is  now  faintly  acidified  with  sul- 
phuric scid,  shaken  again  with  ether,  the  ether  removed  and  allowed  to  evaporate, 
the  residue  dissolved  in  a  little  water,  and  the  solution  tested  with  Millon's 
reagent.  The  two  oxyacids  are  best  differentiated  by  their  different  melting- 
points.  The  reader  is  referred  to  other  works  for  the  method  of  isolating  and 
separating  these  two  oxyacids. 

Homogentisic  Acid  (Dioxyphenylacetic  Acid),  CgHgO^— 

/0H(^> 
CeH^-OH^*^  .    This  acid  was  detected  by  WoLKOwand  Baumann. 

\CHj.COOH(') 
They  isolated  it  from  the  urine  in  a  case  of  alcaptonuria  (see  below)  and 
showed   that   the   characteristics   of    so-called    alcaptonuric  urine  in  this 
case  were  due  to   this  acid.    This  acid  has  later  been   found   in  other 

^Schultzen  and  Riess,  Chem.  Centralbl.,  18C9;  Blendermann,  Zeitschr.  f.  physiol. 
Qiem.,  6,  267;  Baumann,  ibid.,  6,  193. 
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cases  of  alcaptonuria  by   Embden,  Garniek  and   Voirin,  Ogdex, 
others.     Ghjcosunc  acid,  isolated  f  rum  alcaptonuric  urine  first  by  Mailshai 
and  then  by  Gkyger/  seems  to  be  in  part  identical  with  homogentisic  acic:^^ 

Tlie  quantity  of  acid  eliminated  is  increased  by  fcK>d  rich  in  proteid. 
the  ingestion  of  tyrosin  l)y  persons  with  alcaptonuria^  Wolkow  an< 
Baumann  and  Embdlx  observ'ed  a  greater  quantity  of  horaogentihi- 
acid,  and  Falta  and  L.inostein  ^  fonnd  the  same  after  phenylalanin 
These  la^st-menlioned  investigatrjrs  found  that  the  calculated  quantity  ol 
tymsin  from  the  various  proteids  was  not  sufficient  to  account  for  the 
homogentisic  acid,  and  hence  they  consider  the  phenylalanin  as  a  souree 
for  this  acid.  Of  the  1-phenylalanin  about  90  |>er  cent,  and  of  the  racemic 
phenylalanin  about  50  per  cent  was  eliminatetl  as  homogentMc  acid.  ^ 
Wolkow  and  Baumann  explain  the  formation  of  homogentisic  acid  from  I 
tyrosin  by  an  abnormal  fermentation  in  the  intestine.  According  to  " 
Lang  STEIN  and  Falta  alcaptonuria  seems  to  be  an  anomaly  of  the  inter- 
mediary metabolism. 

Garrod,^  who  has  obser\*ed  several  cases  of  alcaptonuria^  has  also  tal?- 
ulated  about  forty  cases  of  alcapt-onuria  which  he  finds  in  the  literature, 
Fnim  this  he  shows  that  the  anomaly  of  the  proteid  metabolkra  occurs 
often  in  males  and  in  females,  and  also  that  blood  relationsliip  of  the 
parents  {first  cousins)  predisposes  alcaptonuria. 

On  fusing  homogentisic  acid  with  alkali  it  yields  gentisic  acid  (hydro- 
quinnne-carbonic  aei<l)  and  hydroquinone.  ^lien  introduced  into  the  intesH 
tine  of  the  dog  a  part  is  converted  into  toluhydroquinone,  which  is  elimi- 
nated in  the  form  of  an  ethereal  sulphuric  acid.  Homogentisic  acid  has 
also  been  prepared  synthetically  by  Baum-ann  and  Fraxkel,*  starting  with 
gentisic  aklchyde. 

Homogentisic  acid  crystallizes  with  1  mob  of  water  in  large,  trans* 
parent  prismatic  erj'stals,  wiiich  become  non- transparent  at  the  temperar 
ture  of  the  room  with  the  loss  of  water  of  cr^^stallization.  They  melt  at 
146..5-147'^  C.  They  are  soluble  in  water,  alcohol,  and  ether,  but  nearly 
insoluble  in  chloroform  and  benzene.  Homoirentisic  acid  is  optically  in- 
active and  non-fermentable.  Its  watery  solution  ha^s  the  properties  of  so- 
called  alraptonuric  urine.  It  become  greenish  brown  from  the  surface 
downward  on  the  addition  of  ver>'  little  catrstic  soda  or  ammonia  with 
excess  of  oxygen,  and  on  stirring  it  quickly  becomes  dark  brown  or  black* 


*  Wolkow  and  Baumann,  Zeitschr.  f.  phyaiol.  Chem.,  l,i;  Embden,  ibid.,  17  aod 
18;  Gamier  ami  \'oirin,  Arch,  de  Phyj^iol.  (5),  4;  Ogden,  Zeitschr.  f.  physioL  Chem., 
20;  Marshidb  Maly's  Jahresber.,  17;  Geyger,  cited  from  Embden,  L  c,  18, 

'  Zoit^chr,  f.  physiol.  Chem. .  Z7 

^  Me<l  chinirg.  Transact.,  1890  (where  all  known  cases  are  tabulated);  also  The 
lancet,  1901  and  1902. 

•  Zeitschr.  t  phj^iol.  Chem.,  20, 
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It  reduces  alkaline  copper  solutions  with  even  slight  heat,  and  ammoniaral 
sihtr  solutions  immediately  in  the  cold.  It  does  not  reiluce  alkaline  bis- 
muth solutions.  It  gives  a  lemon-colored  precipitate  with  Millon  'h  reagent, 
which  becomes  light  brick-red  on  warming.  Ferric  cliloride  gives  to  the 
solution  a  blue  color  which  s<jon  disappears.  On  boiling  with  concentrated 
ferric  chloride  solution  an  odor  of  (juioone  develops.  With  benzoyl  chloride 
and  caustic  s(xla  in  the  presence  of  ammonia  we  obtain  the  amide  of  diben- 
mlhomogentisic  acid,  which  melts  at  21)4'^  C,  and  which  can  be  use<l  in  the 
isolation  of  the  acid  from  the  urine  and  also  for  its  iletection  (Oktom  and 
Garrod),  Among  the  salts  of  this  acid  must  be  mentioned  the  lead  salt 
containing  water  of  crystallization  and  34.79  per  cent  Pb,  This  salt  melts 
M  214-215°  C. 

In  order  to  prepare  the  acid,  heat  the  urine  to  boiling,  add  5  grams  of  lead 
a«etat>e  for  every  100  c.  c,  filter  a^  soon  a.s  the  leati  acetate  has  dissolved, 
and  allow  the  filtrate  to  stand  in  a  cool  place  for  twenty-four  bonis  until  it 
crystallizes  (Garrod).  The  dried,  powdered  lead  salt  is  siLspended  in  ether 
and  decomposed  by  H2S,  After  the  spontanei>us  evaporation  of  the  ether 
the  acid  is  obtaiiie<:l  in  nearly  colorless  crystals  (Orton  and  Garrod  ^). 

In  TCffard  to  the  quantitative  estimation  we  proceed  according  to  the  sug* 
jEji^^fion  of  Baumv.v?*  by  titrating  the  atvid  wth  a  N/10  silver  solution.  As  regards 
details  of  this  method  the  reader  is  referred  to  the  work^  of  Baumann,  C.  Th. 
MoRN'EE  and  MiTTLEBACH.     DENEoes  ^  has  sugges  cd  another  method. 

Urolcucic  a:id,  C^Hi^jO^,  is,  according  to  Huppert,  probably  a  dioxyphenyl* 
lactic  acid,  C.HafOH  ^.CH,.CH(0H).0001i.  This  add  was  first  prepared  by  Kirk  * 
from  the  urine  of  children  with  alcap'onuria,  whirh  also  contained  homogentisic 
acid.  It  melts  at  130-133*^  C.  Oherwl-^,  in  regard  to  its  behavior  with  alkalies, 
with  access  of  air,  and  also  with  alkaline  copjier  scjlution^  and  ammoniacal  silver 
solutions,  and  also  Millox'b  reagent,  it  ia  similar  to  homoppntisic  arid. 

OxymadeUc  acid,  paraoxvphenylglycolic  aritl,  CJI^O,,  HO.CflH,.CHrOH)COOH, 
13,  as  above  stated,  found  in  the  urine  in  aente  atrophy  of  the  liver.  The  acid 
erj'stalli^es  in  silky  needles.  It  melts  at  162^  CI,  dissolves  readily  in  hot  water, 
less  in  cold  water,  and  readily  in  alcohol  and  ether,  but  not  in  hot  b:naene. 
It  ia  pret-ipitated  by  basic  lead  acetate,  but  not  by  lead  acetate. 

CH    OOH 

Kynurenic  acid  i^-oj^-^-quinolincarbooic  acid),  C| jHyNOj  *=  HC     C     C.COOH, 

HC     C     CH 

CH   N 
has  only  been  found  thus  far   in   dog's  urine;   its  quantity  ia   increased  by 
meat  feeding.     According  to  the  observations  of  Glaessneu  and  Lanostein,* 
the  raother-subslanee  seems  to  be  contained  among  tho  iiroiluets  of  pancreatic 


^  Orton  and  Garrod,  Joum.  of  PhysioL,  ^7;  Garrod,  ibid.,  23» 

'  Mittlebach,  Deutsche  Arch,  f,  klin,  ^led.,  71  (which  conta'is  the  work  of  Baumaan 
and  Momer);  Deni^^s,  Chmi.  Centralbl,  1897,  1,  338. 

^  Huppert,  Zelt3€hr,  f.  physiol.  Chem.,  23;  Kirk,  Brit.  med.  Joum.,  1S86  and  1888, 
Arch  f    Anal.  u.  Physiol.,  23. 

*  Hofmeister's  Beitriige,  1. 
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digef^tion  which  are  soluble  in  alcohol  and  precipit^ble  by  aoetone.  The  __ 
is  crystallme,  liissolvea  in  cold  water^  rather  well  in  hoi  alcohol^  and  yields 
barium  salt  which  crystallizes  in  triangular,  colorless  plates.  On  heating  i 
melt^s  and  dccompDS<_\s  into  CO3  and  kynurin.  On  evaporation  to  dryness  ocr^^ 
the  wat4?r-bath  with  hydrochloric  acid  and  potassium  chlorate  a  reddish  residu^^ 
U  obtained  which  iTecomen  hrst  brownish  green  and  then  emerald-green  on  addi 
ammonia  (Jaffa's  reaction  *)» 

Urinary  Pigments  and  Chromogens,  The  yellow  color  of  normal  urine 
depcnfls  perliaps  upon  sc\^eral  piginenti^^  but  in  greatest  part  upon  urochrome. 
Besides  this  the  urine  seems  to  eont^in  a  verj^  small  quantity  of  lujemato- 
porphyrin  as  a  regular  constituent.  Uroerylkrin  also  is  of  frequent 
occurrence  in  nomial  urine,  but  not  always.  Finally,  the  excreted  urine 
when  exposed  to  the  acticni  of  Ught  regulariy  contaias  a  yellow  pigment, 
urobilin,  which  Ls  derived  from  a  cbromogen,  urdnlinogcn,  by  the  action 
of  light  (Saillet)  and  air  (Jaff:^,  Disqu^,^  and  others).  Besides  this 
chromogen,  urine  contains  various  other  bodies  from  which  coloring-matters 
may  be  produced  by  the  action  of  chemical  agents.  Hiunin  substances 
(perhaps  in  part  from  the  carbohydrates  of  the  urine)  may  be  formed  by 
the  action  of  acids  (v.  Udranszky)  without  regard  to  the  fact  that  such  sub- 
stances may  sometimes  originate  from  the  reagents  used,  as  from  impure 
amyl  alcohol  (v.  UdrAnszky  ^).  To  these  humin  bodies  developed  by  the 
action  of  acid  in  nonnal  uritic  when  exposeil  to  the  air,  must  be  added 
the  urophain  of  Heller,  the  various  urorndanlns  and  other  bodies  de^ 
scribed  by  different  investigators  (Pl6sz,  Thuhichum,  Schuxk  *).  In- 
digo-blue (uroglaucin  of  Heller,  urocrpntn^  cifanurm,  and  other 
coloring-matters  of  older  investigators  ^)  is  split  off  from  the  indoxyl- 
sulphuric  acid  or  indoxyl-glucuronic  acid.  Red  coloring-matters  may  be 
furmed  from  the  conjugated  indoxyl  and  skatoxyl  acitb,  and  urohodin 
(Helleu),  uTOTvhm  (Plosz),  urofurmatin  (Harley),  and  perhaps  also 
nrorosein  (Nencki  and  Sieber  ")  probably  have  such  an  origin. 

We  cannot  dLscuss  more  in  deiml  the  different  coloring-matters  obtained 
as  decompositifm  products  from  normal  urine.  Hjpmat-oporphyrin  has 
already  been  referred  to  in  a  previous  chapter  (Vl)  and  will  best  be  de- 
scribed in  connection  with  the  pathological  pigments.  It  only  remains  to 
describe  urochrome,  urobOin,  and  uroer^^thrin. 

^  Zeitschr.  f.  pbysiol.  Chem.,  7,  In  regard  to  kynurenic  acid,  see  abo  Huppert- 
Neubauer,  10.  Aufl.,  and  Mendel  and  Jackaon,  Anicr.  Jonm.  of  PhvsioL,  2;  Meodd 
and  Schneider,  ihkL,  5;  Camps,  Zcitschr.  f.  physioL  Chem,,  33. 

^  JafT^-,  Centralbl,  f.  d.  med.  WLssensch.  1SG8  and  1S59.  and  Virohow*s  Arch.,  47; 
Disqu<^,  Zeitschr.  f.  physml.  Chem.,  2;  Snillct,  Revue  de  mcdecine,  17,  1807. 

»  w  rdrjinszky,  Zeitschr  f,  physiol.  Chem.,  11,  12,  and  13, 

*  Plosz,  Zeitschr,  f,  physiol.  Chem.,  8;  Thudirhnin,  Brit,  med.  Joum,,  SOI,  and 
Joum    f.  pmkt,  Chcm,,  101;  Schunk,  cited  from  Huppert-Neubauer,  10.  Aufl.,  509. 

'See  Ilnppert-Xeuhaiior,  161. 

*  In  reiiard  to  this  and  other  red  fVi;j:ments,  see  Huppert-N«ubauer,  593  and  597; 
Nencki  and  Sieber»  Joum,  f  prakt   Chem.  (2),  26. 
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Urochrome  is  the  name  given  by  Garrod  to  the  yellow  pigment  of  the 
urine.  Thudichum  *  had  previously  given  the  same  name  to  a  less  pure 
pigment  isolated  by  himself.  According  to  Garrod  urochrome  is  free  from 
iron,  but  contains  nitrogen.  It  stands,  it  seems,  in  close  relationship  to 
uiobiliny  as  Garrod  has  obtained  a  urobilin-Uke  pigment  by  the  action  of 
aldehyde  on  urochrome,  and  Riva  *  claims  that  urobilin  yields  a  body  similar 
to  urochrome  on  careful  oxidation  with  permanganate.  According  to  Gar- 
bod  urobilin  can  be  converted  into  urochrome  by  evaporating  its  aqueous 
solution  containing  some  ether  on  the  water-bath.  The  fact  that  uro- 
chrome can  be  transformed  into  urobilin  by  means  of  active  acetaldehyde 
may  be  used,  according  to  Garrod,  as  a  means  of  detecting  urochrome. 

Urochrome  is,  according  to  Garrod,  amorphous,  brown,  very  readily 
soluble  in  water  and  ordinary  alcohol,  but  less  soluble  in  absolute  alcohol. 
It  dissolves  but  slightly  in  acetic  ether,  amyl  alcohol,  and  acetone,  while  it 
is  insoluble  in  ether,  chloroform,  and  benzene.  Urochrome  is  precipitated 
by  lead  acetate,  silver  nitrate,  mercuric  acetate,  phosphotungstic  and  phos- 
phomolybdic  acids.  On  saturating  the  urine  with  ammonium  sulphate  a 
great  part  of  the  urochrome  remains  in  solution.  It  does  not  show  any 
absorption-bands  and  does  not  fluoresce  after  the  addition  of  ammonia  and 
zinc  chloride.  Urochrome  is  very  readily  decomposed,  with  the  formation 
of  brown  substances,  by  the  action  of  acids.  According  to  Klemperer,' 
urochrome  contains  4.2  per  cent  nitrogen. 

Urochrome  can  be  prepared  according  to  a  rather  complicated  method 
which  is  based  upon  the  fact  that  the  substance  remains  in  great  part  in 
solution  on  saturating  the  urine  with  ammonium  sulphate.  If  the  pr()j)er 
quantity  of  alcohol  is  added  to  the  filtrate,  a  clear,  yellow  alcoholic  layer 
forms  on  the  salt  solution,  which  contains  the  urochrome  and  which  can 
be  used  for  the  further  preparation  of  the  urochrome  (see  Garrod,  1.  c). 
Klemperer,  on  the  contrary,  removes  the  pigment  from  the  urine  by 
means  of  animal  charcoal,  washes  it  with  water  to  remove  the  indioan 
and  other  bodies,  and  then  extracts  with  alcohol  and  uses  this  alcoholic 
extract  for  the  further  purification  according  to  Garrod. 

The  urochrome  can  be  quantitatively  estimated,  according  to  Klem- 
perer, by  a  colorimetric  method,  using  a  solution  of  tnie  yellow  G.  If 
0.1  gram  of  this  dye  is  dissolved  in  1  liter  of  water  and  5  c.  c.  of  thLs  solu- 
tion diluted  to  50  c.  c.  with  water,  then  this  solution  has  the  same  color  and 
shade  as  a  0.1  per  cent  urochrome  solution.  The  urine  must  be  diluted 
with  water  until  it  has  the  same  depth  of  color.  The  comparison  is  per- 
formed in  vessels  with  parallel  walls. 

Urobilin  is  the  pigment  first  isolated  from  the  urine  by  Jaff^:,*  and 
which  is  characterized  by  its  strong  fluorescence  and  by  its  absorption- 

*  Garrod,  Proceed.  Roy.  Soc.,  55;  Thudichum,  1.  c. 

'  Garrod,  Joum.  of  Physiol.,  21  and  29;  Riva,  cited  from  Huppert-Neubauer  524. 

•  Beriin.  klin.  Wochenschr.,  40. 

*CentralbL  f  d.  med.  Wissensch  ,  1808  and  1869,  and  Virchow's  Arch.,  47 
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spectrum.    Various  investigators  liave  prepared  fmm  the  urine  by  diffei 
methods  pigments  wliicli  differed    slightl}^  from  each  other  but  behaved 
essentially    like   Jaffa's   urobilin.     Thus   different   urobilins    have  been  I 
suggested,  such  as  normal,  febrile,  physiological,  and  pathological  urobilins,^ ' 
The  possibility  of  the  occurrence  of  diHerent  urobilins  in  the  urine  carmol  I 
be  denieil;    but  as  urobilin  is  a  readily  changeable  body  and  cliflReuHto{ 
purify  from  other  urinary  jiigments,  the  (juestion  as  to  the  occurrence  J 1 
different  urobilins  must  ytill  be  considered  open.     According  to  .Saillet^I 
no  urobilin  exists  originally  in  human  urine,  but  only  the  mother-sub^tanct 
of  the  same,  urobilinogen,  from  which  the  urtjbihn  is  formed  in  the  excreted 
urine  by  the  influence  of  light, 

L'robilin-like  boches,  so-called  urobilmouls,  have  been  prepared  from 
bile-pigments  as  well  as  blood-piginent^,  and  infleed  l:*y  oxidation  as  well  as 
reduction.  ^Ialy  obtained  his  liydrobilinibin  by  the  reduction  of  bilirubin 
with  sodium  amalgam,  and  DrsQu^  obtained  a  pn>duet  which  is  still  more 
similar  to  urobilin,  while  S'^niKvis  prepared  by  the  tjxidation  r^f  cholecyanir. 
with  a  little  lead  penixiile  a  choletelin  which  acted  very  much  like  urobilin. 
Hoppe-Seyler,  Le  Nobel,  Nencki  and  Sieher  have  obtained  urobilinoid 
bodies  by  the  reduction  of  haMuatio  and  htematoporphyrin  with  tin  or  zinc 
and  hydrochloric  acid,  while  MacMlnx  ^  obtaineil  by  the  oxidation  of 
hfematin  with  hydrogen  peroxide  in  alcohol  containing  sulphuric  acid  a 
pigment  which  seemeil  to  l>e  iilentical  with  urinary  urobilin.  It  is  apparent 
that  all  these  urolailins  cannot  be  identical. 

Many  investigators  declare  that  urobihn  is  identical  wuth  hydrobUirubin, 
but  according  to  the  researches  of  IlopKrNs  and  Garrod  *  this  view  is  not 
correct,  because,  irrespective  of  other  small  tlifferences,  each  bc)dy  has 
an  essentially  distinct  com|>osition.  Ilydmbilirubin  contains  C  64.68. 
H  6.93,  N  9.22  (Maly),  while  urinar}^  urubiliit,  on  the  contrarv',  contain 
C  63.46,  H  7.67,  N  4X)9  per  cent.  Tlie  urobilin  fmm  fit'ces,  stercohiJifi 
has  the  same  composition  as  urinary  iirol>jlin  witli  4.17  per  cent  nitmgc 

Urinarv^  umbilin  may  not  be  identical  with  hyrlrobilindjin,  but  tliis  dc 
not   eliminate   the   possibility    that   nrolvilin,    acconling   to   the   generall 
admitted  view,  is  derived  frtim  biHrubin  (although  not  by  simple  reductic 
and  taking  up  water)  in  the  intestine.    Several  physiological  as  well  a^ 

*  See  Mjx<*MTinn,  Pri>c.  Roy.  Soc,  31  and  35;  IWr  d.  deutj=ich.  chem.  GeselUch  .  II, 
and  Jmirn.  of  Physiol,  <i  and  II);  litj^cnnololT,  Maly-s  Jahresber,  22,  EichhoU,  Jourti. 
of  J%wiol,  14;    Ad.  JtiUej*.  Plliiger's  Areh.,  U, 

*  Re\iie  de  mMecme,  19,  18t}7, 

*  Maly,  Ann.  d.  Chem,  u.  Pharm.,  Ifi3;     Diaqu<^,  Zeitschr,  f.  phj'^ioL  Chem.,  2; 
Stokvis,  C€titralbl.  f.  d,  med  Wissensch..  1873,  211  and  440;    Hoppe-Soyler,  Ber 
deutsch.  chem,  GeselJsch,»  7;    Le  Nohd,   Pffiiger's  Arch,,  40;    Nencki  and  8ieJ 
Monatshefte  f.  Chem,,  9;  and  Arch,  f.  cxp.  Path.  u.  Phamu,  24;  MacMunn,  Proc   Roy! 
Soc,.31, 

*  Jouni,  oC  PhysioL,  22. 
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iinical  observations  ^  speak  for  this  view,  among  which  we  must  mention 
he  regular  appearance  in  the  intestinal  tract  of  stercobilin,  undoubtedly 
ierived  from  the  bile-pigments  and  having  the  same  composition  as  urinary 
urobilin,  the  absence  of  urobilin  in  the  urine  of  new-bom  infants  and  also 
on  the  complete  removal  of  bile  from  the  intestine,  as  well  as  the  increased 
elimination  of  urobilin  with  strong  intestinal  putrefaction.    On  the  other 
hand,  there  are  investigators  who,  basing  tlieir  opinion  on  clinical  observa- 
tions, deny  the  intestinal  origin  of  urobilin  and  claim  that  the  urobilin  is 
derived  from  a  transformation  of  the  bilirubin  elsewhere  than  in  the  intes- 
tine, by  an  oxidation  of  the  bile-pigment  or  by  a  transformation  of  the 
blood-pigments.*    The  possibility  of  a  different  mode  of  formation  of  uri- 
nary urobilin  in  disease  is  not  to  be  denied;  but  there  Is  no  doubt  that 
this  pigment  is  formed  from  the  bile-pigments  in  the  intestine  under  physio- 
logical conditions. 

The  quantity  of  urobilin  in  the  urine  under  physiological  conditions  is 
very  variable.  Saillet  found  30-130  milligrams  and  G.  Hoppe-Seyler 
80-140  milligrams  in  one  day's  urine. 

There  are  numerous  observations  on  the  elimination  of  urobilin  in 
disease,  especially  by  Jaff6,  Disqu6,  Dreyfuss-Brissac,  Gerhardt,  G. 
Hoppe-Seyler,*  and  others.  The  quantity  is  increased  in  hemorrhage  and 
in  such  diseases  where  the  blood-corpuscles  are  destroyed,  as  is  the  case 
after  the  action  of  certain  blood-poisons,  such  as  antifibrine  and  antipyrine. 
It  is  also  increased  in  fevers,  heart-troubles,  lead  colic,  atrophic  cirrhosis 
of  the  Uver,  and  is  especially  abundant  in  so-called  urobilin  icterus. 

The  properties  of  urobilin  may  be  different,  depending  upon  the  method 
of  preparation  and  the  character  of  the  urine  used;  therefore  only  the 
most  important  properties  will  be  given.  Urobilin  Is  amoq)hous,  brown, 
reddish-brown,  red,  or  reddish-yellow,  depending  u])on  method  of  prepara- 
tion. It  dissolves  readily  in  alcohol,  amyl  alcohol,  and  chloroform,  but 
less  readily  in  ether  or  acetic  ether.  It  is  less  soluble  in  water,  but  the 
solubility  is  augmented  by  the  presence  of  neutral  salts.  It  may  be  com- 
pletely precipitated  from  the  urine  by  saturating  with  ammonium  sulphate, 
especially  after  the  addition  of  sulphuric  acid  (Mehy  *).  It  is  soluble  in 
alkalies,  and  is  precipitated  from  tlie  alkaline  solution  by  tlie  addition  of 


»See  Fr.  Muller,  Schles.  Gesellsch.  f.  vaterl.  Kultur,  1892;  D.  Gerhardt,  'Teber 
Ilydrobilirubin  und  seine  Bezieh.  zum  Ikterus"  (Inaug.-Diss.,  Berlin,  1889);  Beck, 
Wien.  klin.  Wochenschr.,  1895;   Harley,  Brit.  Med.  Journ.,  189'). 

'  In  regard  to  the  various  theories  as  to  the  formation  of  urobilin,  see  Harley, 
Brit.  Med.  Joum.,  1890;  A.  Katz,  Wien.  med.  Wochenschr.,  1891,  Xos.  28-32;  Grimm, 
Virchow's  Arch.,  132;  Zoja,  Conferenze  cliniche  italiane,  Scr.  la,  1. 

*  In  regard  to  the  literature  on  this  sul^ject  we  refer  the  reader  to  D.  Gerhardt, 
"Ueber  Hydrobilirubin  und  seine  Bezichungen  zum  Ikterus"  (Berlin,  1889),  and 
aLso  G.  Hoppe-Seyler,  Virchow's  Arch.,  124. 

^  Joum.  de  Pharm.  et  Chim.,  1878,  cited  from  Maly's  Jahresber.,  8. 
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acid.  It  is  partly  dissolved  by  chloroform  from  an  acid  (water}^-alcohoIic) 
solution;  alkali  solutions  remove  the  urobilin  from  the  chloroform.  The 
neutral  or  faintly  alkaline  solutions  are  precipitated  by  certain  metallic 
salts  (zinc  and  lead),  but  not  by  others,  such  as  mercuric  sulphate.  Uro- 
bilin Ls  precipitoted  from  the  iirine  by  phosphotungstic  acid.  It  does  not 
give  Gmelix's  test  for  bile-pigments.  It  gives,  on  the  contrary,  a  reatttion 
which  may  be  mistaken  for  the  biuret  test,  by  the  action  of  copper  sulphate 
and  alkali,* 

Neutral  alcoholic  urobilin  solutions  are  in  strong  concentration  brownish- 
yellow,  in  great  dilution  yellow  or  rose-colored*  They  have  a  strong  green 
fluorescence.  The  acid  alcoholic  solutions  are  brown,  reddish-yellow,  or  rose- 
red,  according  to  concentration*  They  are  not  fluorescent,  but  show  a 
faint  absorption-band, ;-,  between  h  and  7^,w*hich  borders  onF,  or  in  greater 
concentration  extends  over  F.  The  alkaline  solutions  are  brownish-yellow, 
yellow,  or  (the  amraoniacal)  yeilownsh-green,  according  to  concentration. 
If  some  zinc-chloride  solution  is  addetl  to  an  ammoniacal  solution  of  the  pig- 
ment it  becomes  red  and  shows  a  beautiful  green  fluorescence.  This  solution, 
as  also  that  made  alkaline  with  fixed  alkalies,  shows  a  darker  and  more 
sharply  defined  band,  ^,  between  b  and  F,  almost  midway  between  E  and  F. 
If  a  sufficiently  concentrate<l  s*)lution  of  urobilin  alkali  is  carefully  acidi- 
fied with  sulphuric  acid  it  becomes  cloudy  and  shows  a  second  band  exactly 
at  E  and  connected  with  ;-  by  a  shiidow  (Garrod  and  Hopkins,  Saillet  *). 

Frobilinogen  is  colorless  or  is  only  slightly  colored.  Like  urobilin,  it  is 
precipitated  from  the  urine  by  saturating  with  ammonium  sidphate.  Ao- 
cording  to  Saillet  it  may  be  extracted  by  acetic  ether  from  urine  acidi- 
fied with  acetic  acid.  It  dissolves  also  in  chloroform »  ethyl  ether »  and 
amyl-alcohoh  It  shows  no  absorption-bands,  and  is  readil}^  converted  in^^ 
urobilin  by  the  influence  of  sunlight  and  oxygen.  ^m 

In  preparing  urobilin  from  normal  urine,  precipitate  the  urine  with 
basic  lead  acetate  (Jaff^),  wash  the  precipitate  with  water,  dry  at  the 
ordinary  temperature,  then  boil  jt  with  alcohol,  and  decompose  it  when 
cold  with  alcohol  containing  sulphuric  acid.  The  filteretl  alcohohc  solution 
is  diluted  with  water,  saturated  with  ammonia,  and  then  treatCM:!  with  zinc- 
cldoride  solution*  This  new  preeipitate  Ls  washed  free  from  chlorine  with 
water,  boiled  with  alcohol,  dried,  dissolved  in  anmionia,  and  this  solution 
precipitated  with  sugar  of  lead.  This  precipitate,  which  is  washed  with 
water  and  bc>iled  with  alcohol,  is  decomposed  by  alcohol  containing  sul- 
phuric acid,  the  filtered  alcoholic  solution  is  mixed  with  ^  vol.  chloroform, 
ililuted  with  water,  and  shaken  repeatedh%  but  not  too  energetically.  The 
urtibilin  is  taken  up  by  the  chlorf>form.  This  last  is  washed  once  or  twice 
with  a  little  water  and  then  distilled,  leaving  the  urobifin.  The  pigment 
may  be  precipitateil  directly  from  the  urine  rich  in  urobilin  by  ammonia 
and  zinc  chloride,  and  the  precipitate  treated  as  above  described  (JAFFi). 

*  SeeSalkowski,  IkdiB,  klm.  Wochenachr.,  1897,  and  Stok\is,  2eitschr.  f.  Biologie,34 

•  Qarrod  and  Hopkins,  Joum.  of  Physiol,  20;  Saillet,  I  c. 
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The  mothod  siiggest<?d  by  Mehy  (precipitation  with  ammonium  sul- 
phate) ha,s  betMi  modifiorl  by  Garrod  and  Hopkins  in  that  they  first  re- 
move tlic  urir  acid  by  saturatini?  with  ammonium  cUoride  and  then  saturat- 
ing the  filtrate  with  ammonium  sulphate.  The  preiupitated  urobilin  is 
thus  made  i>urer  tlian  by  saturating  with  the  sulphate  directly.  The 
urobilin  is  extracted  from  tlie  dried  pretdpitate  by  a  great  deal  of  wat^r, 
repreciiiitatetl  by  anmioniiun  suli>hate,  and  this  procedure  repeated  several 
times  if  neceasar>^  The  dried  preripitate  finally  obtained  is  dissolves!  in 
absc^hite  alcohol.  In  regard  to  ,sniall  details,  and  to  a  second  method  sug- 
gest r>d  by  these  exj)eriinentei*s,  we  refer  to  the  original  work.^ 

♦Saillet  extracts  the  urol>ilinogen  from  the  urine  by  shaking  with 
acetic  ether,  using  a  keroseneHtil  light.' 

The  color  of  the  acid  or  alkaline  sohjtion,  the  beautiful  fluorescence  of 
th«^  ammoniacal  solution  treated  with  zinc  chloride,  and  the  absorption- 
bands  of  the  spectrum,  all  serve  as  means  of  detecting  urobilin.  In  fever- 
urines  the  urobilin  nmy  be  detected  directly  or  after  the  addition  of  anuno- 
nia  and  zinc  chloride  by  its  spectrum.  It  may  also  st>metioies  be  detected 
in  normal  urine,  either  directly  or  after  the  urine  has  stood  exposed  to 
the  air  imtil  the  chromogen  has  Ijeen  converted  into  urobilin.  If  it  cannot 
be  detected  by  means  of  tlie  spectroscope,  then  the  urine  may  be  treated 
with  a  mineral  acid  and  shaken  with  ether  or,  still  better,  with  amy  1  alcohol. 
The  amyl-alcohol  stilution  is,  either  directly  or  after  addition  of  a  strongly 
amnniniacal  alcoholic  solution  of  zinc  chloride,  tested  spectroscopically. 
According  to  Schlesinger  *  it  can  be  readily  detected  if  the  urine  is  pre- 
cipitated by  an  e<ptal  volume  of  a  10  per  cent  solution  of  zinc  acetate  in 
absolute  aleolnjl.  Disturbing  bodies  are  here  precipitated  and  the  filtrate 
gives  the  fluorescence  directly  and  also  the  spectrum. 

In  the  quantitative  estimation  of  uroljilin  we  proceed  as  follows, 
according  to  G.  HoePE-SEYLER:  *  100  c.  c*  of  the  urine  is  acidifie<l  with 
sulphuric  acid  and  saturated  with  ammonium  sulphate.  The  iirecif^itate 
is  collected  on  a  filter  after  some  time,  washed  with  a  saturated  solution  of 
ammonium  sulphate?,  and  repeatedly  extracted  with  equal  parts  of  alcohol 
antl  chlfirofonn  after  f>ressing.  The  filtered  solution  is  treated  with  water 
in  a  separatory  funnel  until  the  chloroform  separates  well  and  becomes 
clear.  The  chltjroform  .sulution  is  evaporatetl  on  the  water-bath  in  a 
w^eighwl  beaker,  the  residue  dried  at  100"^  C,  and  then  extracted  with  ether. 
The  ethereal  extract  is  filtere^J,  the  rcijidue  on  the  filter  di.*vsolved  in  alcohol, 
and  transferred  to  the  beaker  and  evaporated,  then  dricHl  and  weighed. 
According  Xjo  this  method  G.  Hoppe-vSe\xer  found  O.OS-0.14  fzram  of  urobilin 
in  one  day's  urine  of  a  healthy  person,  or  an  average  of  OT 23  gram. 

Urobilin  may  also  l>e  determined  spectro-photometrically  according  to  Fr 
Mi:i.LKR  or  to  Haillet.*  Saillet  found  that  the  limit  for  the  perceptibility 
of  the  absorption-bands  of  an  acid  urabilin  solution  lies  in  a  concentration  of 
1  milligram  of  urobilin  in  22  c,  c.  i>f  solution  when  the  thickness  of  the  Ltyer  of 
fluid  is  15  mm.  In  a  quantibitive  c^timaHon  the  urobilin  solution  \b  diluted  to 
this  limit  and  then  the  quantity  of  urobilin  caiculated  from  the  extent  of  dilu- 

1  Joum.  of  Physiol,  20. 

*  In  regard  to  tiii8  and  other  methods,  we  muBt  refer  the  reader  to  special  works. 
»  Deutsrh.  med.  Worhenschr  ,  1D0,"1. 

*  Virchow's  Arck,  124 

*  Fr,  Miiller,  see  Huppert-Neubauer.  SOI ;  Saillet,  L  c 
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Wan.    The  freshly  voided  urine,  shielded  from  light,  is  acidified  with  acetic  i 
completely  extru«ted  in  kerowne-uil  light  with  acetic  ether,  aiid  the 
urohiljjiugeii  oxidized  to  urobihii  with  iiitric  acid.     On  the  addition  of 
and  shaking  with  water  the  orobilin  passes  into  the  watery  sulutiou.    This  I 
acidified  with  hydrociiloric  acid  and  diluted  unt'd  the  above  liinit  is  reached 

Uroerythrin  is  the  pigment  which  often  gives  the  beautiful  red  color  j 
the  urinary  sedmients  {scdimentum  latejitium).      It  also  freqiiejitly  occu 
although  only  in  very  snmll  cpiantitieSj  dissnlveil  in  normal  urines, 
quantity  is  increased  after  great  muscular  acti\dty,  after  profuse  perepirt-' 
tion,  immoderate  eating,  or  partaking  of  alcoholic  drinks,  as  well  as  aft«r 
digestive  disturbances,  fevers,  circulatory^  disturbances  of  the  liver,  and  in 
many  other  pathological  c(»nditioiis. 

Uroerythrin,  which  has  been  espeeially  studied  by  Zoja,  Rtv\»  and 
Garrod/  ha.s  a  pink  color,  is  amorphous,  and  is  very  quickly  destroyal  by 
light,  especially  U'hen  in  solution.     The  best  solvent  \s  amyl  alcohol;  acetic 
ether  is  not  so  gotKl^  and  alcohol,  chloroform,  and  water  are  even  less  valu- 
able.    The  ver}^  dilute  solutions  show  a  pink  color;  but  on  greater  con- 
centration they  become  reddish  orange  or  fire-red.     They  do  not  fluoresce 
either  directly  or  after  the  addition  of  an  amnioniacal  solution  of  zinc  chlo- 
ride; but  they  have  a  strong  absorption »  begimiing  in  the  middle  befween 
D  and  E  and  extending  to  about  F,  and  consisting  of  two  bands  which 
are  connet^te^l  Ijy  a  shadow^  between  E  and  h.     Concentratetl  sulphuric  acid 
colors  a  uroepiihrin  solution  a  beautiful  carraine-reil ;    hydrochloric  acid 
gives  a  pink  color.     Alkalies  make  its  solutions  grass-green,  and  often  a 
play  of  colors  from  pink  iu  purple  and  blue  Is  observed. 

In  preparing  urocrythrin  from  the  sediment,  according  to  Garrod,  it  is  dt^ 
solved  in  water  at  a  gentle  heat  and  saturated  with  ammonium  chloride,  which 
precipitates  the  pigment  with  the  amoioninm  urate*  This  is  purified  by  rejieiiletl 
solution  in  water  and  precipitattion  with  ammonium  ciiloride  until  all  the  urobilin 
is  removed.  The  precipitate  is  finally  extracted  on  the  filter  in  the  dark  with 
warm  water,  filtered,  then  diluted  with  water,  any  hcpriiatoporph>Tin  reniaininp 
is  removed  by  shaking  with  chloroform,  finally  faintly  acidified  with  acetic  arid 
and  sliakeu  with  chloroform,  which  takes  up  the  uroer\'thrin.  The  chloroform  is 
evaporated  in  the  dark  at  a  gentle  heat» 

Volalik  jalljf  acuhf  such  ns  formic  acid,  acetic  acid,  and  perhape  also  butyric 
acid,  occur  under  normal  condition^  in  human  urine  (v.  Jakscr),  also  in  that  of 
dogs  and  herbivora  (Scuottkn).  Tlie  nc'ids  poorest  in  carbon ,  such  as  formic 
aci<l  and  acetic  acid,  fire  more  constant  in  the  body  than  those  richer  in  carbon, 
and  therefore  the  relatively  greater  part  of  these  pass  unchanged  into  the  urine 
(Schotten).  No  mal  human  urine  contains  besides  these  bodies  others  whirh 
ineld  acetic  acid  when  oxidized  by  potassium  rlichromate  and  sulphuric  acid 
(v.  JakschV.  The  quantity  of  volatile  fatty  acids  in  normal  urine  is,  according 
to  V*  Jaksch,  0,OOKH).000  gram  per  twenty-four  hours,  and  according  to  v,  HoKi* 
TANSKY,  0.0.54  gram.     Tlie  quantity  is  increased  by  exclusive  farinaceous  food 


'  Zoja,  Arch,  Ital.  di.  clinlca  med.,  1803,  and  Centralbl  f.  d  med.  Wissensch..  1S92; 
Riva,  Gaz.  med.  di  Torino,  Anno  43,  cited  from  Maly '»  Jahresber.,  24;  Ganod.  Joum. 
of  Ph>-8ioL,  17  and  21. 
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(Bokitanbkt),  in  fever  and  in  certain  diseases,  while  in  others  it  is  dimin- 
iriied  (▼.  Jaksch,  Rcmbnfeld).  Large  amounts  of  volatile  fatty  acids  are  pro- 
duced in  the  alkaline  fermentation  of  the  urine,  and  the  quantity  is  6-15  times 
m  larg^  as  in  normal  urine  (Salkowski  ^).  Nan-volatile  fatty  acids  have  been 
detected  as  normal  constituents  of  urine  by  K.  Mornbr  and  Hybbinette.' 

Paralactic  Add,  It  is  claimed  that  this  acid  occurs  in  the  urine  of  healthy 
persons  after  very  fatiguing  marches  (Colasanti  and  Moscatelu).  It  is  found 
in  larger  amounts  in  the  urine  in  acute  phosphorus-poisoning  or  acute  yellow 
atrophy  of  the  liver  (Soiultzen  and  Riess).  According  to  the  investigations 
of  Hoppe-Setler,  Araki,  and  v.  Terrey  lactic  acid  passes  into  the  urine  as  soon 
IB  the  supply  of  oxygen  is  decreased  in  any  way,  and  this  probably  explains  the 
occurrence  of  lactic  acid  in  the  urine  after  epileptic  attacks  (Inouye  and  Saiki). 
Minkowski'  has  shown  that  lactic  acid  occurs  in  the  urine  in  large  quantities 
on  the  extirpation  of  the  liver  of  birds. 

Glifcerophosphoric  add  occurs  as  traces  in  the  urine,^  and  it  is  probably  a 
decomposition  product  of  lecithin.  The  occurrence  of  sucdnic  add  in  normal 
urine  is  a  subject  of  discussion. 

CcLrbohydrates  and  Redudng  Substances  in  the  Urine.  The  occurrence 
of  dextrose  as  traces  in  normal  urine  is  highly  probable,  as  the  investiga- 
tions of  Brl'CKE,  Abeles,  and  v.  Udranszky  show.  The  last  investiga- 
tor has  also  shown  the  habitual  occurrence  of  carbohydrates  in  the  urine, 
and  their  presence  has  been  positively  proved  by  the  investigations  of 
Baumanx  and  Wedenski,  and  especially  by  Baisch.  Besides  dextrose 
normal  urine  contains,  according  to  Baisch,  another  not  well-studied 
variety  of  sugar;  according  to  Lemaire,  probably  isomaltose  is  present, 
and  besides  this  a  dextrin-like  carbohydrate  (animal  gum),  as  shown  by 
Laxdwehr,  Wedenski,  and  Baisch.  The  quantity  of  carbohydrates 
eliminated  under  normal  conditions  in  the  twenty-four  hours  urine  and 
determined  by  the  benzoylation  method,  which  is  perhaps  not  sufficiently 
trustworthy,  varies  considerably  between  1.5-5.09  grams.*  • 

Besides  traces  of  sugar  and  the  reducing  substances  pre\n()usly  men- 
tioned, uric  acid  and  creatinine,  the  urine  contains  still  other  bodies  of  this 
character.  These  latter  are  partly  conjugated  compounds  of  glucuronic 
acid,  C^Hi^jOy,  which  is  closely  allied  to  dextrose.  The  reducing  power  of 
normal  urine  corresponds,  according  to  various  investigators,  to  1.5-5.96 


*  V.  Jaksch,  Zeitschr.  f.  physiol.  Chem.,  10;  Schottcn,  ibid.,  7;  Rokitansky,  Wien. 
med.  Jahrbuch,  1887;  Salkowski,  Zeitschr.  f.  physiol.  Chem.,  13;  Rosenfeld,  Deutsch, 
med.  Wochenschr.,  29. 

»Skand.  Arch.  f.  Physiol,  7. 

'Colasanti  and  Moscatdli,  Moleschott's  Untcrsuch.,  14;  Schultzen  and  Reiss, 
Chem.  Centralbl.,  1869;  Araki,  Zeitschr.  f.  physiol.  Chem.,  15,  1(5,  17,  19.  See  also 
Irisawa,  tbid.,  17;  v.  Terrey,  Pfliiger's  Arch.,  65;  Schiitz,  Zeit<3chr.  f.  physiol.  Chem., 
19;  Inouye  and  Saiki,  ibid.,  38;  Minkowski,  Arch.  f.  exp.  Path.  u.  Pharm.,  21  and  31. 

*  See  Pasquahs,  Maly  's  Jahresber. ,  24. 

•Lemaire,  Zeitschr.  f.  physiol.  Chem.,  21;  Baisch,  ibid.,  IS,  19,  and  20.  In  these 
as  well  as  in  Treupel,  ibid.,  16,  the  works  of  other  investigators  are  cited.  See  also 
V.  Alfthan,  Deutsch.  med.  Wochenschr.,  20. 
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p,  ra.  dextrose,*    That  portion  of  the  reduction  belonging  to  dextp 
alone  is  equal  to  0.1-0.6  p.  m. 

Several  new  methods  for  the  determination  of  the  reducing  power  of  the  urini 
have  been  suggested.' 

Conjugated  fjlucuronates  occur,  as  indicated    by  FLticKiGER  and 
positively  sho%vn  Ijy  Mayer  and  Neuueeg,^  in  very  stnaU  amounts  in 
mal  urine.      They  occur  chiefly  as  phenol-  and  only  very  smaU 
of  indox}d-  or  skatox^d  glueuronates.      The  quantity  of  glucuronic 
obtained  from  the  conjugated  glucuronates  is  estimated  as  0.04  p.  m 
Mater  and  Neuberg. 

Ver>'  large  amounts  of  these  conjugated  glucuronates  occur  in  the  Tinnc, 
on  the  other  hand,  after  partaking  of  various  therapeutic  agents  and  otber 
substances^  such  as  chloral  hydrate,  camphor,  naphthol,  borneol,  turpoi- 
tinc,  morphine,  etc.  According  to  P.  ^L\yer  as  stated  on  page  99,  in  the 
oxidation  of  dextrose,  a  part  of  it  forms  glucuronic  acid,  hence  it  is  to  be 
expected  that  the  glucuronic  acid  can  in  part  be  derived  from  the  dex- 
trose. As  a  conjugation  of  the  glucuronic  acid  with  other  bodies,  such  as 
aromatic  atomic  complexes,  prevents  the  combustion  of  this  acid  in  the 
iinimal  body,  it  ought  to  follow  that  after  the  introduction  of  such  an 
atomic  complex  in  the  body  during  a  glycosuria  that  a  corresponding 
reduction  of  the  glucose  elimination  would  take  place  with  the  increAsej 
excretion  of  conjugated  glucuronates.  In  order  to  prove  this  possibility 
O.  LoET^T  *  fed  dogs  with  camphor  during  phlorhizin  diabetes  and  found 
that  the  above  expectation  was  not  true,  .^though  large  quantities  of 
campho-glucuronic  acid  were  excreted,  the  sugar  e:sccretion  was  only  slightly 
diminished  and  not  in  proportion  to  the  quantity  of  conjugated  glucuronate 
excreted,  which  tends  to  show  that  the  ghiciu-onic  acid  is  not  produced 
from  the  dextrose,  neither  is  the  dextrose  the  mother-substance  of  this  acid. 

According  to  the  body  with  which  they  are  conjugated  the  glucuronatefl 
show  different  behavior;  they  all  rotate  the  plane  of  polarization  to  tha 
left,  while  the  glucinouic  add  itself  is  dextrorotatory.  On  taking  up 
water  they  split  into  glucuronic  acid  and  the  conjugated  group.  A  few 
reduce  copper  oxide  and  certain  other  metallic  oxides  in  alkaline  solution 
and  hence  cause  errors  in  the  investigation  of  the  urine  for  sugar.  As  tho 
detection  of  conjugated  glucuronic  acids  Is  connected  with  the  tests  fafi 
sugar  in  the  urine  we  ^vill  treat  of  this  in  connection  with  these  tests, 

*  Pfliiger,  Zeitschr.  f.  physiol.  Chem.,  9.     See  also  Huppert-Xeubauer,  72, 
'Seo   Ro«in.   Munch,   iiied.    Wochetischr, ,  4(J;    Kiemilowicz,   Zeitschr,    f.    ph^'sioL 

Chem.,  SO;  Nieniilowicz  with  Gittlemacher-Wilenko,  tlfid.,  86^  and  H^'lier,  Compt.  rend., 

'  Fliickiger,  t  c, ;  Mayer  and  Neuberg,  Zeitschr.  f«  physioL  Chem.,  29, 

*  Arch,  f.  exp.  Path,  u,  Pharm,,  47. 
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Organic  cambinaiions  containing  sulphur  of  unknown  kind,  which  may 
in  small  part  consist  of  sulphocyanidea,  0.04  (Gscheidlen)-O.II  p.  m. 
(I.  MuNK  *),  q/stin,  or  bodies  related  to  it,  taurin  derivatives ,  chondroitin^ 
rndphwric  add,  and  protein  bodies,  but  in  greater  part  are  made  up  of  oxt/- 
pnteic  acid,  aUoxyproteic  add,  and  uroferric  acid,  are  found  in  human  as  well 
as  in  ftnimAl  urines.  The  sulphur  of  these  mostly  unknown  combinations  has . 
been  called  "  neutral,"  to  differentiate  it  from  the  "  acid  "  sulphur  of  the  sul- 
phate and  ethereal-sulphuric  acids  (Salkowski  ^.  The  neutral  sulphur  in 
Jiormal  urine  as  determined  by  Salkowski  is  15  per  cent,  by  Stadthagen 
13.3-14.5  per  cent,  and  by  LApine  20  per  cent,  and  Harnack  and  Kleine  * 
1^24  per  cent  of  the  total  sidphur.  In  starvation,  according  to  Fr. 
HuLLER,  with  insufficient  supply  of  oxygen  (Reale  and  Boeri,  Harnack 
and  Kleine),  as  in  chloroform  narcosis  (Kast  and  Mester),  as  also  after 
the  introduction  of  sulphur  (Presch  and  Yvon  *),  the  quantity  of  neutral 
sulphur  is  increased.  The  quantity  of  neutral  sulphur  varies,  according 
to  Benedikt  and  Freund,  within  rather  narrow  limits  and  is  dependent 
to  a  less  degree  than  the  sulphate  excretion  upon  the  extent  of  the  pro- 
teid  metabolism.  The  relationship  between  the  neutral  and  acid  sulphur 
depends  in  the  first  place  upon  the  extent  of  the  sulphuric-acid  excretion. 
According  to  Harnack  and  Kleine,'  the  relationship  of  the  oxidized 
sulphur  to  the  total  sulphur  changes  always  in  the  same  way  as  the  relation- 
ship of  the  nitrogen  of  the  urea  to  the  total  nitrogen.  The  more  unoxidizcd 
sulphur  is  eliminated  the  more  abundant  is  the  nitrogen,  not  urea,  in  tlie 
urine,  a  statement  which  coincides  with  recent  observations  where  the 
neutral  sulphur  originates  chiefly  from  the  oxyproteic  acid,  the  alloxyprot^ic 
acid,  and  the  uroferric  acid. 

According  to  Lepinb,  a  part  of  the  neutral  sulphur  is  more  readily  oxidized 
(directly  with  chlorine  or  bromine)  into  sulphuric  acid  than  the  other  which  is  only 
converted  into  sulphuric  acid  after  fusing  with  pottish  and  saltjx'ter.  According 
to  the  investigations  of  W.  Smith,'  it  is  i)robable  that  the  most  unoxidizable  part 
of  the  neutral  sulphur  occurs  as  sulpho-acids.  An  increased  elimination  of  neutral 
sulphur  has  been  observed  in  various  diseases,  such  as  pneumonia,  cystinuria, 
and  especially  where  the  flow  of  bile  into  the  intestine  is  prevented. 

The  total  quantity  of  sulphur  in  the  urine  is  determined  by  fusing  the  solid 
urinary  residue  with  saltpeter  and  caustic  alkali.  The  quantity  of  neutral  sul])hur 
is  determined  as  the  difference  between  the  total  sulphur  and  the  sulphur  of  the 
sulphate  and  ethereal-sulphuric  acids.     The  readily  oxidizable  part  of  the  neutral 

*  (Jscheidlen,  Pfliiger's  Arch.,  14;  Munk,  Virchow's  Arch.,  69. 
^  Ibid  t  68,  and  Zeitschr.  f.  physiol.  Chem.,  9 

'Stadthagen,  Virchow's  Arch.,  100;  Lupine,  Compt.  rend.,  91  and  97;  Harnack 
and  Kleine.  Zeitschr.  f.  Biologie,  37. 

*  Fr.  Muller,  Berl.  klin.  Wochenschr.,  1887;  Reale  and  Boeri,  Maly's  Jahrcsber,  24; 
Harnack  and  Kleine,  1.  c;  Presch,  Virchow's  Arch.,  119;  Yvon,  Arch,  de  PhysioL 
(5),  10. 

»  Benedikt,  Zeitschr.  f.  klin.  Med.,  36;  Harnack  and  Kleine,  1.  c. 

*  Lupine,  1.  c;  Smith,  Zeitschr.  f.  physiol.  Chem.,  17. 
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sulphur  IS  determined  by  oxidation  with  bromine  or  potassium  chlorate 

hydrochloric  acid  (Lepine,  Jerome  '), 

Sulphuretted  hydrogen  occurs  in  the  urine  only  under   abnormal   oonditi 
or  as  a  decomposition   product*     This  compound   may  be    produt'ed  from 
neutral  sulphur  of  the  organic  substances  of  the  urine  by  the  action  of 
bacteria    (Fn.    Mullkk,   SSalkuwski  ^),     Other    investigators   have  given  kf^ 
sulphites  as  the  source  of  the  suljjhuretted  hydnigen.     The  occurrence  of  hy;, 
sulphites  in  normal  human  urine,  wliieli  Is  asserted  by  Heffter»  is  disputed  I 
SAX.KOW8KI  and  Phesch.''     Hyposulphites  occur  constantly  in  cat  a  urine  and 
as  a  rule,  also  in  dog 's  urine, 

Oxyproteic  acid  is  the  name  given  by  Bon^deyxski  and  Gottlieb  to" 
nitrogenous  acid  containing  sulphur,  wliose  existence  in  human  urine  was 
fimt  suggested  by  Topfer.     It  seems  to  be  a  normal  constituent  of  human 
and  dog's  urine,  but  is  f<iimd  to  a  much  greater  extent  in  the  urine  of  dogs 
poisoned  with  phosphorus  (Bondzynski   and  Gottlieb).     According  to 
these  experimenters  it  has  the  formula  C^jHg^NiiSOji,  and  according  to  1 
CLOETTA,^who  calls  it  uroproteic  acid,  CooHii^^NjuSOj^^.     Itdoc«not  cont^ 
any  loosely  combined  sulphur,  and  yields  no  t}Tosin  on  cleavage*    It  does 
not  respond  either  to  the  xanthoproteic  or  the  biuret  reaction,  but  gives  a 
faint  test  with  Millox  's  reagent,  and  is  not  precipitated  by  phosphotuni^tic 
acid;  hence  on  this  account  it  leads  to  an  cJTor  in  the  Pflijger  and  Boh- 
i*AND  method  for  estimating  urea.     Its  barium  salt  is  soluble  in  water  but] 
insoluble  in  alcohol,  and  serves  in  the  preparation  of  the  acid  fn)m  the] 
urine.    This  acid  is  precipitated  by  mercuric  acetate  or  nitrate,  but  nut  by 
basic  lead  acetate.     It  gives  Ehruch's  diazo  reaction  (see  below). 

This  acid  is  considered  as  an  intermcfliar^'  oxidation  product  of  the 
proteids,  and  it  is  sinular  in  certain  regards  U)  Maly  's  peroxyprotic  acid. 
The    amotmt   calculated  as   barium   salt,  accf>rding  to  Boxdzynski  and  I 
GoTTLiEn,  may  be  3-4  grams,  and  somewhat  more,  according  to  Pregl,*^ 
and  its  nitrogen  amounts  to  about  2-3  per  cent  of  the  total  nitrogen. 

Alloxtfprotcic  acid  is  another  of  these  acids  isolatecl  by  Boxdzyx.sici  andl 
Paxek*  from  the  urine.    The  formula  of  this  acid  has  not  been  determined. 
The  free  acid  contains  6  per  cent  sulphur.      The  barium  salt  containaj 
28,76-32.05  per  cent  Ba,27  per  cent  C.  8.20-10.13  per  cent  N,  and  3.22-^.411 
per  cent  S.      Like  nx^-proteic  acid   it  does  not  gi%'e  the  biuret  reiM^ti<m 
and  is  not  pretipitated  either  by  phosphotungstic  acid  or  by  tannic  acid 
or  by  potassium  ferrocyanide  and  acetic  acid.     It  differs  from  oxj^jroteic 
acid  by  a  difTcrent  behavior  of  ita  salts,  and  also  by  the  fact  that  it  is  pre- 

*  Jerome,  Pfliii^er^s  Arch.,  (M>,  J 

«Fr.  Muller,  Ik^rlin.  klin.  Wochenschr.,  1887;  Salkowski,  ihid.,  1888.  " 

»  HelTter,  PHuger^s  Arch,,  38;  SaIkowski»  ibid.,  Sft;  Preach,  Mrcbow^s  Arck,  IW, 
Miomkynski  and  Gottlieb,  Centriilbl.  f.  d.  med  Wissensch.,  1897,  No  33;  Topfer,. 
tbid.,  41;  Cloettft,  Arch.  f.  exp.  Path.  u.  Pharm.,  40, 
»  Pflii^er'a  Airh,.  75. 
'  Ber.  d.  d.  chem.  Geadlack,  ^> 
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ntated  by  basic  lead  acetate  and  by  not  giving  Ehrlich's  diazo  reaction. 
le  daily  amount  of  thb  acid  Hammarstex  calculates  as  1.2  grams,  equal 
I  0.68  per  cent  of  the  total  nitrogen. 

The  two  acids  are  prepared  from  the  urine  by  precipitating  it  with  barium 
ijdrate  and  calcium  hydrate,  removing  the  excess  with  carbon  dioxide, 
tnd  then  evaporating  to  a  syrup.  After  treating  this  syrup  \vith  alcohol- 
£ther  the  residue  is  dissolved  in  water  and  then  precii)itated  in  acetic-acid 
solution  with  mercuric  acetate.  The  precipitate,  which  contains  both 
acids,  is  treated  with  H^,  then  the  calcium  salts  prepared  and  their  solu- 
tion precipitated  with  basic  lead  acetate,  which  only  precipitates  the 
alloxyproteic  acid.  Finally  the  barium  or  silver  salt  of  each  acid  is  pre- 
pared separately. 

Uroferric  acid  is  an  acid  isolated  by  Thiele  *■  from  the  urine,  according 
to  Siegfried's  method  for  preparing  pure  peptone.  It  also  contains 
sulphur,  3.46  per  cent,  and  has  the  formula  CasHsgNaSOij.  The  acid  forms 
a  white  powder  which  is  readily  soluble  in  water,  saturated  ammonium- 
sulphate  solution,  and  methyl  alcohol.  It  is  soluble  with  difficulty  in 
absolute  alcohol,  insoluble  in  benzene,  chloroform,  ether,  and  acetic 
ether.  About  one  half  of  the  sulphur  can  be  split  off  as  sulphuric  acid 
on  boiling  with  hydrochloric  acid.  The  acid  gives  neither  the  biuret 
test  nor  Millon's  or  Adamkiewicz's  reactions.  It  is  precipitated  by 
mercuric  nitrate  and  sulphate  and  also  by  phosphotungstic  acid  (differing 
from  the  other  two  above-mentioned  acids).  This  acid  is  hexabasic  and 
its  specific  rotation  is  (a)Jf  =  —  32.5°.  On  cleavage  it  yields  melanine 
substances,  sulphuric  acid,  aspartic  acid,  l)ut  no  hexon  bases. 

Organic  comhinations  containing  phosphorus  (glycerophosphoric  acid,  pho>pho- 
camic  acid  (Rockwood),  etc.),  which  yield  phosphoric  acid  on  fusinjj;  with  salt- 
peter and  caustic  alkali,  are  also  found  in  urine  (Lepink  and  Eymonnet,  Oertel  ^). 
With  a  total  elimination  of  about  2.0  grams  total  P2O5,  Oertel  found  on  an 
average  about  0.05  gram  P2O5  as  phosphorus  in  organic  combination. 

Enzymes  of  various  kinds  have  been  isolated  from  the  urine.  Among  the^e 
may  be  mentioned 7>ep^>i  (Brucke  and  oth  rs),  which,  according  to  Matthes, 
undoubtedly  originates  from  the  stomach,  and  a  (liastntic  ejizyme  (Cohxheim  and 
others).     The  occur  ence  of  rennin  and  trypsin  in  the  urine  is  doubtful.' 

Mucin.  The  nubecula  consists,  as  shown  by  K.  M(>rner/  of  a  mucoid  which 
contains  12.74  per  cent  N  and  2.3  jx^r  cent  S.  This  mucoid,  which  ai)parently 
originates  in  the  urinary  passages,  may  pass  to  a  slight  extent  into  solution  in  the 
urine.  In  re^^rd  to  the  nature  of  the  mucins  and  nucleoalbumins  otherwise 
occurring  in  the  urine  we  refer  the  reader  to  the  pathological  constituents  of  the 
urine. 

*  Zeitschr.  f.  physiol.  Chem.,  37. 

'Rockwood,  Du  BoLehReymond's  Arch.,  1895;  Oertel,  Zeitschr.  f.  physiol.  Chem., 
186,  which  cites  the  other  works.  See  also  Keller,  Zeitschr.  f.  physiol.  Chem.,  29; 
Mandel  and  Oertel,  N.  Y.  Univ.  Bull.  Med.  Sciences,  1. 

*  In  regard  to  the  literature  on  enzymes  in  the  urine,  see  IIuppert-Neubauer,  599; 
J^tthes,  Arch.  f.  exp.  Path.  u.  Pharm.,  49. 

*Skand.  Arch.  f.  Physiol.,  6. 
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Piommnes  and  leneommnfB,  or  poisonous  substances  of  an  unknown  kit>d, 
which  are  often  described  a.s  alkaloidal  substances,  occur  in  normal  urine  (PorcHn» 
Bouchard,  Aducco,  and  others),  Uoder  pathological  conditions  the  quantity 
of  these  substances  may  be  increased  (Bouchard,  LApine  and  Guerih,  ViLUEESp 
Griffiths,  Albu,  and  others).  Within  the  last  few  years  the  poisonous  proiH-r- 
ties  of  urine  hiive  been  the  subject  of  more  thorough  investigation,  especially  by 
Bouchard.  He  found  that  the  night  urine  is  less  poisonous  than  the  day  mat^ 
and  that  the  poisonous  constituents  of  the  ilfay  and  night  urines  have  not  tbesune 
action.  In  order  to  be  able  to  compare  the  toxic  power  of  the  urine  under  diffemit 
conditions,  BoucHARn  determines  the  urotoxic  coefficient,  which  is  the  weight 
of  rabbit  in  kilos  tliat  is  killed  by  the  quantity  of  urine  excreted  ia  twenty-lour 
hours  by  1  kilo  of  the  person  experimented  upon»^ 

Baumann  and  v.  UnRANS5£KY  have  shown  that  ptomaiues  may  occur  in  the 
urine  under  pathological  conditions.     They  demonstrated  the  presence  of  the  two 
ptomaines  discovered  and  first  isolate  by  Brie(jER — putrescin^  C^H^JN,  (tdra- 
mcthylendianiine),  and  mdamrin^Q^W^^S^  (pentamethylendiamine) — in  the  unDe 
of  a  patient  suffering  from  cystinuria  and  catarrli  of  the  bladder.     Cadavern 
has  later  been  found  by  Stadtha«en  and  Brieger  in  the  urine  in  two  rase*  o{ 
cvstinuria.      Brieger,  y.   Udranszkv  and  Baumaxn,  and    Stadthagen   have    \ 
shown  that  neither  these  nor  other  diamines  oc;curs  umler  jthysio logical  conditions, 
while  DoMRRowsKi,^  on  the  contrary,  found  cadaverin  |jeside>s  another  ptomaine 
with  tlic  formula  CsHijXO.^,  and  mannite  in  normal  urines.      The  occurrence  in 
normal  urine  of  any  ^*  urine  prison*^  is  denied  by  certain  investigators,  such  as 
SrAOTHAGEN^   Beck,   aud  V.   D.   Bergh/    The   poisonous  action   of  the  urine, 
according  to  ihera^  is  due  in  part  to  the  jiotassium  salts  and  in  part  to  the  sum 
of  the  toxicity  of  the  other  liormal  urinary  constituents  (urea,  creiitininc,  etc), 
U'hich  have  very  little  poisonous  action  individually.     The  same  experimenters 
have  preaeiited  very  forcible  objections  to  Bouchard's  doctrine. 

Many  substances  have  l^een  observ^ed  in  animal  urine  which  are  not  found  in 
human  urine.  To  these  belong  the  above-ciescribed  kt^nurenw  acid,  un»tanic  anV/,. 
also  foumi  in  dog's  urine  and  which  seems  to  stand  in  some  relationship  to  the 
purin  bases;  damdlitric  adfi  and  (iaimdic  acui  (according  to  Schotten^*  probably 
a  mixture  of  tienzoic  acid  with  volatile  fatty  acids),  obtained  by  the  distillation 
of  cow's  urine;  and  lastly,  lUhuric  acidj  found  in  the  urinary^  concrements  of  cer- 
tain animals. 

III.   Inorganic  Coiistitiieiits  of  Urine. 

ChlorideSp  The  chlorine  occurring  in  the  urine  is  undoubtedly  combined 
with  the  ba>ses  contained  in  this  excretion;  the  chief  part  is  in  combinatioii 
with  sodium.  In  accordance  with  this,  the  quantity  of  chlorine  in  the 
mine  is  generally  expre^ssed  as  NaCI. 

The  question  as  to  whether  a  ]:jart  of  the  cWorine  contained  in  the  tu^in© 
exists  as  organic  combinations,  as  consideretl  by  Berlioz  and  Lepinoi?§,  is 
St  ill  disputed.^ 

'  A  complete  bibliography  on  the  ptomaines  and  leuconmines  of  the  urine  is  found 
in  Huppert-XeuLmner,  403. 

'  Baumann  and  UdrdnsKky,  Zeitschr.  f.  physiot.  Chem.^  13;  Stadthagen  and  Brteger. 
Virchow's  Arch.»  IIS;   Dombrowski,  Arch  fwlonais,  d.  sciences  biol,,  1903. 

•Stadthagen,  Zeitschr.  f.  klin.  Med.,  15,  Beck,  Pflijger's  Arch.,  71;  v.  d*  Bergb^ 
Zeitschr  f.  klin.  Med,,  35. 

*  Zeitschr   f.  physiol.  Chem.,  7. 

*  Berlioz  and  Lcpinols,  see  Chem.  Centralbl,,  1S?)4*  1,  and  1S95,  1;  also  Petit  axut] 
Terrat,  ilnd,  1894,  2,  and  Vitall,  ibid,  1807,  2;  Viele  at  Moite*sitr,  AlAly's  Jahrasber.^j 
81;  .Meilldre.  ifewi,;  Bruno,  il^id,  452. 
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The  quantity  of  chlorine  combinations  in  the  urine  is  subject  to  consider- 
able variation.  In  general  the  quantity  from  a  healthy  adult  on  a  mixed 
diet  is  10-15  grams  of  Nad  per  twenty-four  hours.  The  quantity  of  common 
salt  in  the  urine  depends  chiefly  upon  the  quantity  of  salt  in  the  food,  with 
which  the  elimination  of  chlorine  increases  and  decreases.  The  free  drink- 
ing of  water  also  increases  the  elimination  of  chlorine,  which  is  greater 
during  activity  than  during  rest  (at  night).  Certain  organic  chlorine  com- 
binations, such  as  chloroform,  may  increase  the  elimination  of  inorganic 
chlorides  by  the  urine  (Zeller,  Kast  *). 

In  diarrhoea,  in  quick  formation  of  large  transudates  and  exudates,  also 
in  specially  marked  cases  of  acute  febrile  diseases  at  the  time  of  the  crisis, 
the  elimination  of  NaCl  is  materially  decreased.  The  excretion  of  chlorine 
m  ly  vary  considerably  in  disease,  but  still  the  NaCl  taken  with  the  food 
has  here,  as  in  physiological  conditions,  a  great  influence  on  the  NaCl 
excretion. 

The  quantitative  estimation  of  chlorine  in  the  urine  is  most  simply  per- 
formed by  titration  with  silver-nitrate  solution.  The  urine  must  not 
contain  either  proteid  (which  if  present  must  be  removed  by  coagulation) 
or  iodine  or  bromine  compounds. 

In  the  presence  of  bromides  or  iodides  evaporate  a  measured  quantity  of  the 
urine  to  dryness,  fuse  the  residue  with  saltpeter  and  soda,  dissolve  the  fused  mass 
in  water,  and  remove  the  iodine  or  bromine  by  the  addition  of  dilute  sulphuric 
acid  and  some  nitrite,  and  thoroughly  shake  with  carlK)ii  disulphide.  The  liquid 
thus  obtained  may  now  be  titrated  with  silver  nitrate  according  to  Volhard's 
method.  The  quantity  of  bromide  or  iodide  is  calculated  as  the  difference  be- 
tween the  quantity  of  silver-nitrate  solution  u-ed  for  the  titration  of  the  solution 
of  the  fused  mass  and  the  quantity  used  for  the  corresponding  volume  of  the 
original  urine. 

The  otherwise  excellent  titration  method  of  Mohr,  according  to  which 
we  titrate  with  silver  nitrate  in  neutral  liquids,  iLsing  neutral  potassium 
chromate  as  an  indicator,  cannot  be  used  directly  on  the  urine  in  careful 
work.  Organic  urinary  constituents  are  also  precipitated  by  the  silver  salt, 
and  the  results  are  therefore  somewhat  high  for  the  chlorine.  If  this  method 
is  to  be  employed,  the  organic  urinar\'  constituents  must  first  be  destroyed. 
For  this  purpose  evaporate  to  drj-ness  5-10  c.  c.  of  the  urine,  after  the 
addition  of  1  gram  of  chlorine-free  soda  and  1-2  grams  chlorino-frc^e  salt- 
peter, and  carefully  fuse.  The  mass  is  dissolved  in  water,  acidified  faintly 
with  nitric  acid,  and  then  neutralized  exactly  with  pure  calcium  carbonate. 
This  neutral  solution  is  used  for  the  titration. 

The  silver-nitrate  solution  may  be  a  N/ 10  one.  It  is  often  made  of 
such  a  strenorth  that  each  cubic  centimeter  corresponds  to  O.OOH  irram  CI  or 
0.01  gram  NaCl.  This  last-mentioned  solution  contains  29.075  grams  of 
AgNC),  in  1  liter. 


^Zeller,  Zeitschr.  f.  physiol.  Chem.,  8;    Kast,  ibid.,  11;    Vitali,  Chem.   Centralbl 
S99.  2. 
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Freuxb  and  Toepfer,  as  well  as  Bodtker/  have  suggested  modifica- 
iions  of  Mohr's  method. 

V<:)lhard's  Method,  Instead  of  the  preceding  determination,  VoL- 
H.^Ro's  method,  which  can  be  pcrfonned  directly  on  the  urine,  may  be 
employed.  The  principle  is  as  foliuws:  Ml  the  chlorine  from  the  urine 
af^iililied  with  nitric  acid  is-  precipitatetl  by  an  excess  of  silver  nitrate, 
filtered,  and  in  a  meai^ured  part  of  the  filtrate  the  quantity  of  silver  added 
ia  excess  is  detenninetl  by  means  of  a  sulphocyanide  solution.  This  excess 
of  silver  is  completely  precipitated  by  the  sulphocyanide,  and  a  solution  of 
some  ferric  salt,  "vvhich,  as  is  well  known,  gives  a  b!ood-red  reaction  with 
the  smallest  quantity  of  sulphocyanide^  is  used  as  an  indicator. 

We  require  the  ff allowing  solutions  for  this  titration:  1.  A  silver- 
nitrate  solution  wiiich  contains  29.076  ^rams  of  A^NO^per  liter  and  of  which 
each  cubic  centimeter  corresponds  to  ClOl  gram  NaCl  or  0.00607  gram  CI. 
2.  A  saturatetl  solution  at  the  ordinary  temperature  of  chlorine-free  iron 
alum  or  ferric  sulphate,  3.  Cldorinc-free  nitric  acid  of  a  specific  gravity 
of  L2.  4,  A  potassium'Sulphocyanide  s<:tluti(m  which  contains  8.3  grams 
KCNS  iw.T  liter,  ajid  of  which  2  c.  c,  corresponds  to  1  e.  c.  of  the  silver- 
nitrate  solution* 

About  9  grama  of  potassium  sulphoryanide.  are  dissolved  in  water  and  diluted 
to  1  liter.  The  quantity  of  KCN8  Lontained  in  this  solution  is  determined  by  the 
Bilvcr-nitrate  solution  iti  the  foUomng  way:  Measure  exactly  10  c,  c,  of  the  silver 
solution  jiiid  treat  it  with  ">  c.  c.  of  nitric  acid  and  1^2  c.  c,  of  the  ferric-«alt  solu- 
tion ionl  dihite  with  water  to  about  100  c,  c.  Now  the  suljihoeyanide  sc^lulion 
is  added  from  a  burette,  constantly  stirring  until  a  permanent  faint -red  colora- 
tion of  the  liquid  takes  plap«.  The  quantity  of  sulphocyanide  found  in  the  folu- 
tion  by  this  means  indieates  how  much  it  must  Ix*  diluted  to  be  of  tlie  proper 
strength.  Titrate  onee  more  with  10  e.  e.  of  AgNOj,  solution  and  correet  ibe  i?ul- 
phocyanide  solution  by  the  careful  addition  of  water  until  20  c.  c.  exactly  corre- 
sponds to  10  c.  c.  of  the  silver  solution. 

The  determination  of  the  chlorine  in  the  urine  is  performed  by  this 
method  in  the  following  way:  Exactly  10  c.  c.  of  the  urine  is  placed  in  a 
flask  w  hich  has  a  mark  correspomHng  to  100  c.  c,  and  wliich  is  provided 
with  a  stopper;  5  c.  c.  of  nitric  acid  is  adrled;  dilute  with  about  50  c.  e,  of 
water  and  then  allow  exactly  20  c.  c.  of  the  silver-nitrate  solution  to  flow- 
in.  Close  the  flask  with  the  stopper  and  shake  well,  remove  the  stopper 
and  w^itsh  it  wuth  distilled  water  into  the  tlask,  and  fill  the  flask  to 
the  lUO-c.  c,  mark  with  distilknl  water.  Close  *  again  with  the  stnppciJJ 
carefully  mix  by  shakint^,  and  filter  through  a  dry  filter.  Measure  offW 
60  c.  c,  of  the  filtrate  by  means  of  a  dry  pipette,  add  3  c,  c.  of  ferric- 
salt  fiohition,  and  allow  the  sulphocyanide  solution  to  flow^  in  until  the 
liquid  above  the  precipitate  has  a  permanent  red  color.  The  calculatioi 
is  very  simple.  For  example,  if  4,6  c.  c.  of  the  sulphocj^anide  sol 
tion  wa8  necessarv^  to  produce  the  final  reaction,  then  for  10€  c.  c.  of  t 
filtrate  (  =  10  c.  c.  urine)  9,2  c.  c.  of  this  solution  is  necei^ar}\  9,2  c.  c. 
the  .'sulphocyanide  solution  correftpniids  to  4.6  c,  c,  of  the  silver  soliitio 
and  since  20—4.6=15.4  c,  c,  of  the  sdver  solution  was  necessar}'  to  com- 
pletely precipitate  the  chlorides  in  10  c,  c,  of  the  urine,  then  10  c.  c.  con- 
tains 0,154  gram  of  NaCl*    The  quantity  of  sodium  chloride  in  the  uriBe 

*  Freund  aad  Toepfer,  see  Maly's  Jahresber.,  22;  Bodtker,  Zeitschr.  f.  physioL 
Chem.,  20. 
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is  therefore  1.54  per  cent,  or  15.4  p.  m.  If  we  always  use  10  c.  c.  for  the 
determination,  and  always  20  c.  c.  of  AgNO,  solution,  and  dilute  with  water 
to  100  c.  c,  the  quantity  of  NaCl  in  1000  parts  of  the  urine  is  found  by  sub- 
tracting from  20  the  number  of  cubic  centimeters  of  sulphocyanide  (R)  re- 
<iuired  \vith  50  c.  c.  of  the  filtrate.    The  quantity  of  NaCl  p.  m.  therefore 

Of) x> 

Under  these  circumstances = 20— R,  and  the  percentage  of  NaCl  =  — r^r — . 

The  approximate  estimation  of  chlorine  in  the  urine  (which  must  be 
free  from  proteid)  is  made  by  strongly  acidifying  with  nitric  acid  and  then 
adding  to  it,  drop  by  drop,  a  concentrated  silver-nitrate  solution  (1:8). 
In  a  normal  quantity  of  chlorides  the  drop  sinks  to  the  bottom  as  a  rather 
compact  cheesy  lump.  In  diminished  quantities  of  chlorides  the  precipi- 
tate is  less  compact  and  coherent,  and  in  the  presence  of  very  little  chlorine 
a  fine  white  precipitate  or  only  a  cloudiness  or  opalescence  is  obtained. 

Phosphates.  Phosphoric  acid  occurs  in  acid  urines  partly  as  dihydrogen, 
MH2PO4,  and  partly  as  monohydrogen,  M2HPO4,  phosphates,  both  of 
which  may  be  found  in  acid  urines  at  the  same  time.  Ott  ^  found  that  on 
an  average  60  per  cent  of  the  total  phosphoric  acid  was  di-  and  40  per 
cent  was  monohydrogen  phosphate.  The  total  quantity  of  phosphoric  acid 
is  very  variable  and  depends  on  the  character  and  the  quantity  of  food.  The 
average  quantity  of  PjOj  is  in  round  numbers  2.5  grams,  with  a  variation  of 
1-5  grams  per  day.  A  small  part  of  the  phosphoric  acid  of  the  urine  orig- 
inates from  the  burning  of  organic  compounds,  such  as  nuclein,  protagon,  and 
lecithin,  within  the  organism;  on  excliLsive  feeding  with  substances  rich  in 
nuclein  or  pseudonuclein  the  quantity  of  phosphates  is  essentially  increased; 
still  it  is  undecided  to  what  extent  the  excretion  of  phosphoric  acid  is  a 
measure  of  the  absorption  and  decomposition  of  these  bodies.^  The  greater 
part  originates  from  the  phos^^hates  of  the  food,  and  the  quantity  of  phos- 
phoric acid  eliminated  is  greater  when  the  food  is  rich  in  alkali  phosphates 
in  proportion  to  the  quantity  of  lime  and  magnesium  phosp!iates.  If 
the  food  contains  much  lime  and  magnesia,  large  ([uantities  of  earthy 
phosphates  are  eliminated  by  the  excrement;  and  even  though  th) 
food  contains  considerable  amounts  of  phosphoric  acid  in  those  cases,  the 
quantity  excreted  by  the  urine  is  small.  This  is  true  especially  for 
herbivora,  in  which  the  kidneys  are  the  chief  organs  for  the  excretion 
of  alkali  phosphates.  In  man,  according  to  Ehrsthom,  the  content  of 
lime  in  the  food  seems  to  play  no  important  r61e,  as  in  his  experiments 
about  one  half  of  the  phosphoric  acid  taken  as  CaHPO^  was  absorbed; 
still  the  extent  of  phosphoric-acid  excretion  through  the  urine  depends 
in  man  not  only  upon  the  total  quantity  of  phosphoric  acid  in  the  food  but 

*  Zeitschr.  f.  physiol.  Chem.,  10. 

'See  A.  Gumlich,  Zeitschr.  f.  physiol.  Chem.,  18;  Roos,  ibid.f  21;  Weintraud, 
Du  Bois-Reymond's  Arch.,  1895;  Milroy  and  Malcolm,  Journ.  of  Physiol.,  23;  Roh- 
matm  and  Steinitz,  Pfliiger's  Arch.,  72;  Loewi,  Arch,  f  exp.  Path.  u.  Phann.,  44 
and  45. 
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also  upon  the  relative  amounts  of  the  alkalme  earths  and  the  alkali  salts  of 
the  food.     In  carnivora.  in  which  phosphate  injected  subcutaneously  is 
eliminated  by  the  ixitestiiie  (BEHGiL\xx),  the  urine  is  habitually  poor  in 
phosphates.* 

As  the  extent  of  the  ehniination  of  phosphoric  acid  is  mostly  dependent 
upon  the  character  of  the  food  and  the  absorption  of  the  phosphates  ux  the 
intestine,  it  is  apparent  that  the  relatioaship  l>etween  the  nitrogen  and 
phosphoric-acid  excretion  cannot  run  parallel  This  is  in  fact  so,  and, 
according  to  Ehilstrom,  the  organism  has  the  p<>wer  of  accumulating  large 
quantities  of  phosphorus  for  a  relatively  long  time  independent  of  the 
condition  of  the  nitrogen  balance.  With  a  certain  regular  food  the  rela- 
tionship betiveen  nitrogen  and  phosphoric  acid  in  the  urine  can  be  kept 
nearly  constant.  Thus  on  feeding  with  an  exclusive  meat  diet,  as  ob- 
served by  VoiT^  in  dogs,  when  the  nitrogen  and  phosphoric  acid  (PjO^) 
of  the  food  exactly  reappeared  in  the  urine  and  f^ces,  the  relationship  was 
8.1:1.  In  starvation  this  relationship  Ls  changed,  namely,  relativ^ely  more 
phosphoric  acid  is  elimioatetl,  which  seems  to  indicate  that  besides  flesh 
and  related  tissues,  another  tissue  rich  in  phosphorus  is  largely  destroyed. 
The  starvation  ex|ieriments  show  that  this  is  the  bone-tissue.  According 
to  pREY82,  OusAVsxKYp  Klug,  and  I.  MuXK*  the  elimination  of  phosphoric 
acid  is  coasiderably  increased  by  intense  muscular  work. 

As  the  phosphoric  acid  is  in  part  derived  from  the  nucleins  it  would  be 
expected  that  in  those  diseases  in  which  the  excretion  of  alloxuric  bodies 
was  increased  the  phosphoric  acid  would  also  be  augmented.  This  is  not 
the  case^  and  indeed  we  have  observed  cases  with  an  increased  elimination 
of  alloxuric  bodies  with  a  diminution  in  the  phosphoric-acid  excretion. 
Cases  of  leucaemia  have  been  observeil  in  wliich  the  phosphoric-acid  excre- 
tion was  reduced,  although  there  was  a  pronounce<l  increase  in  the  number 
of  leucocytes*  In  these  cases  there  maybe  a  subsequent  excretion  or 
retention  of  phosphoric  acid.  This  last  condition  occurs  also  in  inflamma- 
tory and  renal  tliseases.  The  urine  sometimes  has  the  tendency  of  pre- 
cipitating the  earthy  phosphates  either  spontaneously  or  after  warming^ 
and  this  has  been  called  pkosphaturm.  We  are  dealing  here,  it  seems,  with 
a  diminished  excretion  of  phosphoric  acid  and  an  increased  elimination  of 
lime,  or  at  least  an  essentially  different  relationship  between  the  phosphoric 
iivid  and  the  alkaline  earths  uf  the  urine,  as  compared  to  the  normal 
(Paskk,  Iwanoff,  Soetder  and  Krieger  *). 

*  Ehnrtrora,  Skand.  Arch.  f.  Physiol.,  14;  Bergmaim,  Arch.  f.  exp.  Path.  u.  Pharm,,47, 
'  Physjologie  des  allgcmeinen  BtofiTwechsels  und  der  Emjlhrung  in    L.  Hermann's 

Handbncb.  6.  Thl.  1.79. 

*  Prey 82,  see  Maly's  Jahresber,,  21;  Ol8a\^2iky  and  King,  Pfliiger's  Arch..  M; 
Munk,  Du  BotH-Reymond 'a  Arch.,  1805. 

♦Panek,  sec  Maly'a  Jahresber,  30,  112;  Iwanoff,  Biochem.  Centralbl.,  1,  710| 
Bocther  and  Krieger,  Deutsche  Arck  L  klin.  Med. ,  72. 


ESTIMATION  OF  PHOSPHORIC  ACiu. 

Quantitative  Estimation  of  the  Total  Phosphoric  Acid  in  the  Urine.  This 
stimation  is  most  simply  perfonned  by  titrating  with  a  solution  of  m*a- 
liumiUjetate.  The  principle  of  the  titration  is  as  follows:  A  warm  solu- 
ion  of  phosphates  containing  free  acetic  acid  gives  a  whitLsh-yellow  pre- 
cipitate of  uranium  phosphate  with  a  solution  of  a  uranium  salt.  This 
precipitate  is  insoluble  in  acetic  acid,  but  dissolves  in  mineral  acids,  and 
On  this  account  there  is  always  added,  in  titrating,  a  certain  quantity  of 
sodium-acetate  solution.  Potassium  ferrocyanide  is  used  as  the  indicator, 
^hich  does  not  act  on  the  uranium-phosphate  precijMtate,  but  gives  a 
reddish-brown  precipitate  or  coloration  in  the  j^resence  of  the  smallest 
amount  of  soluble  uranium  salt.  The  solutions  necessary  for  the  titration 
are:  1.  A  solution  of  a  uranium  salt  of  which  each  cubic  centimeter  cor- 
responds to  0.005  gram  PjOj  and  which  contains  20.3  grams  of  uranium 
oxide  per  liter.  20  c.  c.  of  this  solution  corresponds  to  0.100  gram  PjOg. 
2.  A  solution  of  sodium  acetate.  3.  A  freshly  prepared  solution  of  potas- 
sium ferrocyanide. 

The  uranium  solution  is  prepared  from  uranium  nitrate  or  acetate.  Dissolve 
about  35  erams*  uranium  acetate  in  water,  add  some  acetic  acid  to  facilitate  solu- 
tion, and  dilute  to  1  liter.  The  strength  of  this  solution  is  determined  by  titrating 
with  a  solution  of  sodium  phosphate  of  known  strength  (10.085  grams  crystallized 
salt  in  1  liter,  which  corresponds  to  0.100  gram  P3O5  in  50  c.  c.».  Proceed  in  the 
same  way  as  in  the  titration  of  the  urine  (see  below),  and  correct  the  solution  by 
diluting  with  water,  and  titrate  again  until  20  c.  c.  of  the  uranium  solution  corre- 
sponds exactly  to  50  c.  c.  of  the  above  phosphate  solution. 

The  sodium-acetate  solution  should  contain  10  grams  sodium  acetate  and 
10  grams  cone,  acetic  acid  in  100  c.  c.  For  each  titration  5  c.  c.  of  this  solution 
is  i^ed  with  50  c.  c.  of  the  urine. 

In  performing  the  titration,  mix  50  c.  c.  of  filtered  urine  in  a  beaker 
with  5  c.  c.  of  the  sodium  acetate,  cover  the  beaker  with  a  watch-glass,  and 
warm  over  the  water-bath.  Then  allow  the  uranium  solution  to  flow  in 
from  a  burette,  and  when  the  precipitate  does  not  seem  to  increase,  place 
a  drop  of  the  mixture  on  a  porcelain  plate  with  a  drop  of  the  potassium- 
ferrocyanide  solution.  If  the  amount  of  uranium  sohition  added  has  not  been 
sufficient,  the  color  will  remain  pale  yellow  and  more  uranium  solution  must 
be  added;  but  as  soon  as  the  slightest  excess  of  uranium  solution  has  been 
used  the  color  becomes  faint  reddish  brown.  When  this  point  has  been 
obtained,  warm  the  solution  again,  and  add  another  drop.  If  the  color 
remains  of  tlie  same  intensity,  the  titration  is  ended;  but  if  the  color  varies, 
add  more  uranium  solution,  drop  by  drop,  until  a  permanent  coloration  is 
obtained  after  warming,  and  now  repeat  the  test  with  another  50  c.  c.  of 
the  urine.  The  calculation  is  so  simple  that  it  is  urmecessary  to  give  an 
example. 

In  the  above  manner  one  determines  the  total  quantity  of  phosphoric 
acid  in  the  urine.  If  we  wish  to  know  the  phosi)horic  ac^icl  combined  with 
alkaUne  earths  or  with  alkalies,  we  first  determine  the  total  phosphoric 
acid  in  a  portion  of  the  urine  and  then  remove  the  earthy  phosphates  in 
another  portion  by  ammonia.  The  preci})itate  is  collected  on  a  filter, 
washed,  transferred  into  a  beaker  with  water,  treated  with  acetic  acid,  and 
dissolved  by  warming.  This  solution  is  now  diluted  to  50  c.  c.  with  water, 
and  5  c.  c.  sodium-acetate  solution  added,  and  titrated  with  uranium  solu- 
tion.   The  difference  between  the  two  determinations  gives  the  (juantity 


of  phosphoric  acid  combined  with  the  alkalies.    The  results  obtdned  %S^ 
not  quite  accurate,  as  a  partial  transformation  of  the  monophosphates  ^ 
the  alkaline  eartlis  and  also  calcium  diphosphate  int/O  triphc »sj>hateif  of  tl^* 
alkahne  earths  and  aiiiOKiiiium  phosphate  takes  place  on  preeipitaiiii*z  wit>^ 
ammonia,  and  t!ie  method  »rives  tLK>  hiy:h  results  for  the  phosphuHc  aci*^ 
combined  with  alkalies  and  remaining  in  solution. 

Stilphates.  Tlie  sulphuric  acid  of  tlie  urine  orijcrinates  only  to  a  vei^^i 
small  extent  from  the  sulphates  of  the  food.  A  disproportionately  greater' 
part  is  formed  hy  the  burning  within  the  body  of  the  proteids  which  contain 
sulphur,  and  it  is  chiefly  this  formation  of  sulphuric  acid  from  the  proteids 
which  gives  rise  to  the  pre\'iously  mentioned  excess  of  acids  over  the  bases 
in  the  urine.  The  quantity  of  sulphuric  acid  chminatecl  by  tlie  urine 
amounts  to  about  2.5  grams  HjSO^  per  day.  As  the  sulphuric  acid  chiefly 
originates  from  the  proteids,  it  follows  that  the  elimination  of  sulphuric 
acid  and  the  elimination  of  nitrogen  runs  nearly  parallel,  and  the  relation- 
ship N:H^S<\  is  about  5:1.  A  complete  paralleUsm  can  hardly  be  ex- 
pec  ted  i  as  in  the  first  place  a  part  of  tlie  sulphur  is  always  eliniinatetJ  as 
neutral  sulphur,  and  secondly,  because  the  small  proportion  of  sulphur  in 
different  proteid  bodies  undergoes  greater  variation  as  compared  with  the 
large  proportion  of  nitrogen  contained  therein.  In  general  the  relationship 
betiv^een  the  eUmination  of  nitrogen  and  sulphuric  acid  under  normal  and 
under  diseased  conditions  runs  rather  parallel.  Sulphuric  acid  occun*  in  the 
urine  partly  preformed  (sidphate-sulphuric  acid)  and  partly  as  ethereal- 
sulphuric  acid*  The  first  is  designated  as  A-  and  the  other  as  fi-sulphuric 
acid. 

The  quantity  of  total  sulphuric  add  is  determined  in  the  folloxririg  ^^y, 
but  at  the  same  time  the  precautions  de*icribed  in  other  works  nmst  be 
observed:  100  c.  c.  of  filteretl  urine  is  treated  \rith  5  c.  c.  of  concentrated 
hydrorhlimc  acid  and  boiled  for  fifteen  minntt^s.  While  b<»ilinir  precipitate 
with  2  c.  c.  of  a  saturated  HaC!^  solution,  and  warm  for  a  little  while  until 
the  Imrium  sulphate  has  completely  scttle^l.  The  pret*ipitate  must  then  be 
washed  with  water  ami  also  witli  alciihol  and  ether  (to  remove  resinous 
substances),  and  then  treated!  according  to  the  usual  methml. 

The  separate  determination  of  the  sulphate-sulphuric  acid  and  the 
ethereal-sulphuric  acid  may  l>e  accomplLshetU  according  to  Bauma\x*s 
methiKl,  by  fii^t  precipitating;  the  sulphate-sulphuric  airid  l>y  BaCl,  from 
the  urine  acidifie?(l  with  acetic  acid,  then  decomposing  the  ethereal-sul- 
p!iuric  acid  hy  l>oiling  after  the  addition  nf  hydrochloric  acid,  and  finally 
detennining  the  Sulphuric  acid  set  free  as  barium  suli>hate.  A  still  better 
method  Ls  the  following,  suggested  l>y  Salkowski:  ' 

200  c.  c.  of  urine  is  precipitates!  by  an  equal  volume  of  a  barium  solution 
which  consists  of  2  vols,  barium  hydrate  and  1  vol.  barinm^chloride  solu- 
tion^ both  saturated  at  the  ordinary  temperature.     Filter  through  a  dry 
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fiter,  measure  off  100  c.  c.  of  the  filtrate  which  contains  only  the  ethereal- 
sulphuric  acid,  treat  with  10  c.  c.  of  hydrochloric  acid  of  a  specific  gravity 
1.12,  boil  for  fifteen  minutes,  and  then  warm  on  the  water-bath  until  the 
precipitate  has  completely  settled  and  the  supernatant  liquid  is  entirely 
clear.  Filter  and  wash  with  warm  water,  and  with  alcohol  and  ether,  and 
proceed  according  to  the  generally  prescribed  method.  The  difference 
between  the  ethereal-sulphuric  acid  found  and  the  total  quantity  of  sulphuric 
acid  as  determined  in  a  special  portion  of  urine  is  taken  to  be  the  quantity 
of  sulphate-sulphuric  acid. 

Nitrates  occur  in  small  quantities  in  human  urine  (Schonbein),  and  they 
prolwbly  originate  from  the  drinking-water  and  the  food.  According  to  Weyl 
and  CiraoNj^the  Quantity  of  nitrates  is  smallest  with  a  meat  diet  and  greatest 
with  vegetable  food.    The  average  amount  is  about  42.5  millig  ams  per  litre. 

Potassium  and  Sodium.  The  quantity  of  these  bodies  eliminated  by  the 
urine  by  a  healthy  full-grown  person  on  a  mixed  diet  is,  according  to  Sal- 
KowsKi,'  3-4  grams  K^O  and  5-6  grams  Na^O,  with  an  average  of  about 
2-3  grams  K,0  and  4-6  grams  Na^O.  The  proportion  of  K  to  Na  is  ordi- 
narily as  3:5.  The  quantity  depends  above  all  upon  the  food.  In  starva- 
tion the  urine  may  become  richer  in  potassium  than  in  sodium,  which 
results  from  the  lack  of  common  salt  and  the  destruction  of  tissue  rich  in 
potassium.  The  quantity  of  potassium  may  be  relatively  increased  during 
fever,  while  after  the  crisis  the  reverse  is  the  case. 

The  quantitative  estimation  of  these  bodies  is  performed  by  the  gravi- 
metric methods  as  described  in  works  on  quantitative  analysis.  In  the 
determination  of  the  total  alkalies  recently  new  methods  have  been  de- 
vised by  Pribram  and  Gregor,  and  for  the  potassium  alone  a  method  by 
AuTEXRiETH  and  Bernheim.' 

Ammonia.  Some  ammonia  is  habitually  found  in  human  urine  and  in 
that  of  camivora.  As  above  stated  (page  470),  on  the  formation  of  urea 
from  ammonia,  this  quantity  may  represent  the  small  amount  of  ammonia 
which,  because  of  the  excess  of  acids  formed  by  combustion,  as  com- 
pared with  the  fixed  alkalies,  is  united  with  such  acids,  and  in  this  way 
is  excluded  from  the  synthesis  to  urea.  This  view  is  confirmed  by  the 
observations  of  Coranda,  who  found  that  the  elimination  of  ammonia  was 
smaller  on  a  vegetable  diet  and  larger  on  a  rich  meat  diet  than  on  a  mixed 
diet.  On  a  mixed  diet  the  average  amount  of  ammonia  eliminated  by 
the  urine  is  about 0.7 gram  NHg  per  day  (Neubaueu)  and  4.6-5.6  percent 
of  the  total  nitrogen  of  the  urine  according  to  Camerer,  Jr. 

As  above  stated,  all  the  ammonia  of  the  urine  is  not  represented  by 
the  residue  which  has  eluded  synthesis  into  urea  by  neutralization  with 

'Schonbein,  Joum.  f.  prakt.  Chem.,  92;  Weyl,  Virchow's  Arch.,  90,  with  Citron, 
tbid.,  101. 

■  Pribram  and  Gregor,  Zeitschr.  f.  analyt.  Chem.,  38;  Autenrieth  and  Bemheim, 
Zeitschr.  f.  physiol.  Chem.,  37. 
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acids,  because,  as  shown  by  Stabelalvnt^  and  Beckmaxn,*  ammoma  ^ 
eliminated  by  the  urine  even  during  the  continiious  administration  of  fixe 
alkalies. 

Ammonia  exists  on  an  average  of  about  0.96  milligram  in  100  c.  c.  a 
human  blood,  and  in  different  amounts  in  all  the  tissues  thus  far  invest! 
gat€!d.'    According   to   Nencki   and   Zaleski  ^   it  is  abundantly   formed^ 
in  the  cells  of  the  digestive  glands,  the  stomach,  the  pancreas,  and  th< 
intt;stinal  mucosa  {of  doirs)  at  the  time  when  proteid  foocLs  are  being  diges 
and  transported  to  the  liver.    As  the  amnionia  introduced  into  the  liver  is 
transformed  into  urea  (see  above)  ^  we  can  therefore  expect  that  in  certain 
diseases  of  the  li%^er  an  increase*!  elimination  of  ammonia  and  a  decreased 
excretion  of   urea  will  occur.     In  how  far  this  is   true  has  already  been 
stated  (page  473),  and  we  refer  to  the  researches  of  the  various  authors 
there  cited. 

In  man  and  carnivora  the  elimination  of  ammonia  is  increased  by  the 
introduction  of  mineral  acids;  and,  as  shown  by  John,  organic  acids  such 
as  benzoic  acid,  which  are  not  destroyed  in  the  hmXy,  act  in  a  similar 
manner.  The  ammonia  set  free  in  the  proteid  destruction  is  in  part  used 
in  the  neutralization  of  the  acids  introduced,  and  in  this  way  a  destructive 
removal  of  fixed  alkalies  is  prevented.  Herbivora,  on  the  eontranr\  lack 
this  property  or  have  it  only  to  a  slight  extent  (Winterberg  *)•  lu  them 
the  acids  introduced  are  neutralized  by  fixed  alkalies;  hence  the  introduc- 
tion of  mineral  acids  soon  causes  a  destructive  action  on  this  account. 

Acids  formed  in  the  destruction  of  proteids  in  the  body  act  on  the  elim- 
ination of  ammonia  like  those  introduced  from  without.  For  this  reason 
the  quantity  of  amnionia  in  human  and  carnivora  urine  is  increased  under 
such  conditions  and  in  such  diseases  where  an  increased  formation  of  acid 
takes  place  because  of  an  increase*!  metabolism  of  proteids.  This  is  the 
case  with  a  lack  of  oxygen  in  fevers  and  diabetes.  In  the  last-mentioned 
disease  organic  acids,  /J-oxj-butyric  acid  and  acetoacetic  acid,  are  produced, 
which  pass  into  the  urine  combined  with  ammonia.* 

The  detection  and  quantitative  estimation  of  ammonia  used  to  be  performed 
according  to  the  method  suggested  by  ScH  i')Sixo.     The  principle  of  this  method 

*  Coranda,  Arch.  L  exp.  Path.  u.  Phann.,  12;  Stadelmann  (and  Beckmann),  "Ein- 
fluK«  der  Alkalien  auf  den  Stoffwechael, "  etc.  Stuttgart,  1890;  Camerer,  Zeitschr.  f. 
Biolopjie,  43. 

'  See  Salaskin,  Zeitschr.  f.  physiol.  Chem.,  25,  449,  and  foot-note  4,  page  202,  and 
foot-note  l.  page  203, 

*  Arch,  des  science  bioL  de  St.  P^^erdbourg,  4,  and  Salaskin,  L  c.  See  alao  Nencki 
and  Zak^ki,  .Arch.  f.  exp.  Path.  u.  Phamt,  37,  and  fcmt-note  2,  page  348, 

*  Jolin.  Skand.  Arch.  f.  Physiol,  1;  Winterberg,  Zeitschr  f.  physiol  Chem.,  2&. 
In  regard  to  the  behavior  of  ammonium  salts  in  the  animal  body,  see  Rumpf  and 
IQeine,  Zeitschr.  f.  Biologic,  34.  and  the  works  cited  on  page  470, 

*  On  the  elimination  of  aminonifi  in  disease,  see  the  recent  works  of  Rumpf,  Vii^ 
chow's  Arch.,  143;   HaUerv^orden,  ibid. 
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i9  that  the  ammonia  from  a  measured  amount  of  urine  is  set  free  bv  lime-water 
m  a  closed  vessel  and  absorbed  by  a  measured  amount  of  N/10  sulphuric  acid. 
After  the  absorption  of  the  ammonia  the  quantity  is  determined  by  titrating  the 
x^maining  free  sulphuric  acid  with  a  N/10  caustic  alkali  solution.  This  method 
^res  low  results,  and  in  exact  work  we  must  proceed  as  suggested  by  Bohland.^ 

The  recent  methods  for  estimating  the  ammonia  are  all  based  upon  the 
distillation  of  the  ammonia,  after  the  addition  of  lime,  magnesia  or  alkali 
carbonate,  at  low  temperatures  either  by  the  aid  of  vacuum  (Nencki  and 
Zaleski,  Wurster,  KrOger  and  Reich  and  Schittenhelm,  Schaffer) 
or  by  the  aid  of  a  current  of  air  (Folin)  and  then  collecting  it  in  a  standard 
acid. 

According  to  the  methods  suggested  by  Kruger,  Reich  and  Schitten- 
helm* 25  c.  c.  of  the  urine  are  placed  in  a  distillation-flask  with  about  10 
grams  of  NaCl  and  1  gram  of  NajCX),  and  this  distilled  at  43°  C.  and  a 
pressure  of  30-40  milligrams  Hg  with  the  aid  of  an  air-pump.  Alcohol 
is  added  to  prevent  foaming.  The  ammonia  Ls  absorbwl  in  N/10  acid 
contained  in  a  Peligot's  tube,  surrounded  by  ice-water,  and  when  the 
distillation  h  finished  the  acid  is  retitrated,  making  use  of  rosolic  acid  as 
the  indicator.  In  regard  to  details,  see  the  original  publications. 
Schaffer's  method  is  practically  the  same. 

Calcium  and  magnesium  occur  in  the  urine  for  the  most  part  as  phos- 
phates.   The  quantity  of  earthy  phosphates  eliminated  daily  is  somewhat 
more  than  1  gram,  and  of  this  amount  |  is  magnesium  and  J  calcium  phos- 
phate.    In  acid  urines  the  mono-  as  well  as  the  di-hydrogen  earthy  phos- 
phates are  found,  and  the  solubility  of  the  first,  among  tvhich  the  calcium 
salt  CaHPO^  is  especially  insoluble,  is  particularly  augmented  by   the 
presence  in  the  urine  of  di-hydn)gen  alkali  phosphates  and  sodium  chloride 
(Ott  *).    The  quantity  of  alkaline  earths  in  the  urine  depends  on  the 
composition  of  the  food.    ITie  lime  salts  absorbed  are  in  great  part  ex- 
creted again  into  the  intestine,  and  the  quantity  of  lime  salts  in  the  urine  is 
therefore  no  measure  of  the  absorption  of  the  same.    The  introduction  of 
readily  soluble  lime  salts  or  the  addition  of  hydrochloric  acid  to  the  food 
may  therefore  cause  an  increase  in  the  quantity  of  lime  in  the  urine,  while 
the  reverse  takes  place  on  addini^  alkali  phosphate  to  the  food.     Nothing 
is  known  w4th  positiveness  in  regard  to  the  constant  and  regular  change  in 
the  elimination  of  calcium  and  ma*]:nesium  salts  in  disease,  and  in  these 
conditions  the  excretion  is  chiefly  dependent  upon  the  diet,  the  formation 
and  the  introduction  of  acid. 

The  quantity  of  calcium  and  magnesium  is  determined  according  to  the 
ordinary  well-known  methods. 

Iron  occurs  in  the  urine  only  in  small  quantities,  and,  as  it  seems  from  the 
investigations  of  Kunkel,  Giacosa,  Robert  and  his  pupils,  it  does  not  exist 

»  Pfluger's  Arch.,  43,  32. 

'  Zeitschr.  f.  physiol.  Chem.,  39;  Schaffer,  Amer.  Joum.  of  Physiol.,  8,  which  con- 
tains the  literature. 

>Zdt8chr.  f.  physiol.  Chem.,  10. 
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as  a  salt,  but  aa  an  organic  combinatioa — in  part  as  pigment  or  chromc^o.  Tin 
statements  in  regard  to  the  iron  present  seem  to  show  that  the  quantity  Is  v«T 
variable,  from  1  to  11  milligrams  per  liter  of  urine  (Magnikr,  Gottueb,' Kobekt 
and  his  pu}>ils) .  Jolles  found  a:^  an  average  for  twelve  persons  8  milligrams  o\  iron 
in  twenty-four  hourt?,  while  Hopfmanx,  Neumann  and  Maver  '  find  lowrr  T^ 
suits,  an  average  of  1.02  and  0.983  milligrams*  The  quantity  of  clitic  ntuil 
ordinarily  stated  lo  amount  to  about  0.03  p,  m.  Traees  of  hydroifcn  peroxide  i 
occur  in  the  urine. 

The  gases  of  the  urine  are  carbon  dioxide^  mtrogen,  and  traces  of  oxy- 
gen.    The  quantity  of  nitrogen  is  nut  quite  1  voh  per  cent.     The  carl)ott 
dioxide  varies  considerably.     In  acid  urines  it  is  hardly  one  half  as  great 
as  in  neutral  or  alkaline  urines. 

IV-  The  Quantity  and  Quiuititative  Composition  of  Urfne. 

The  fiuiintity  and   composition  of  urine  is  liable   to  great  variatioii. 
The  circunistauees  which  under  physiological  conditions  exercise  a  great 
influence  are  the  foUowin.!!;:    the  blood-pressure,  and  the  rapidity  of  the 
blood-curient   in   the  glomeruli;    the   quantity   of   urinary'    constituents^ 
especially  water  in  the  blood;    ami,  lastly,  the  conditif>n  of  the  secretory 
glandular  elements.    Above  all,   the  quantity  and  concentration  of  the  I 
urine  deiiend  on  the  quantity  of  water  which  u  introduced  into  the  blood  or  I 
which  leu%'es  the  1  jody  in  other  ways.     The  excretion  of  urine  is  increase"!  by 
drinking  freely  or  by  reducinsr  the  ciuantity  of  water  otherwise  removed;] 
and  it  is  decreased   by  a  diminishe<l    ingestion  of  water  or  by  a  greater  I 
loss  of  water  in  other  ways.     Ordinarily  in  man  just  as  much  water  m\ 
eliminateU  by  the  kidneys  as  by  the  skin,  lungs,  and  intestine  to^etlier. 
At  lower  temperatures  and  in  moist  air,  since  under  theiw  eonditious  the] 
elimination  of  water  by  the  skin  is  diminished,  the  excretion  of  urine  may 
be  considerably  increased.     Diminished  introduction  of  water  or  increase*!  j 
elimination  of  water  by  other  ways— as  in  violent  diarrhcea  or  vomiting,  or| 
in  profuse  perspiration — ^greatly  diminishes  the  amount  of  urine  excreted. 
For  example,  the  urine  may  sink  as  low  as  500-400  c.  c.  per  day  in  inten:s<i| 
summer  heat,  while  after  copious  draughts  of  water  the  elimination  ofl 
3000  c.  c.  of  urine  has  been  obsen^ed  during  the  same  time.    The  quantity  [ 
of  urine  voided  in  the  course  of  twenty-four  hours  varies  considerably 
from  day  to  day,  the  avera'ii^e  being  ordinarily  calculated  as  1500  c.  c.  for 
healthy  atlult  men  and  1200  c.  c.  for  women.    The  minimum  elimination 
occurs  during  the  early  morning,  betw'een  2  and  4  o'clock;  the  maximum,.^ 
in  the  first  hours  after  waking  and  from  1-2  hours  after  a  meal. 

The  quantity  of  solids  excreted  per  <lay  is  nearly  constant,  even  thougkl 


'Kunkel,  cited  from  Malys  Jahresber.,  11;    Giacosa,  tl»iW.,  16;   Kobcrt,  ArbeitaiJ 
dee  Pharm.  Instit.  zu  Dorpat,  7;   Magnier,  Ber.  d.  deutsch.  chem.  Gesellsch.,  7;  Gott-J 
lieb,  Arch,  f.  exp.  Path,  u.  Pharm.,  2ft;  JoUea,  Zeitsehr.  f.  anal,  Chem.,  815;  Hofitmanu* 
Zeitschr,  f.  aiial>l.  Chem.,  40;  Neumiom  and  Mayer,  ZeiUchr.  f,  physioL  ChcntL»  ST. 
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the  quantity  of  urine  may  vsLvy,  and  it  is  quite  constant  when  the  manner 
of  living  is  r^ular.  Therefore  the  percentage  of  solids  in  the  urine  is 
naturally  in  inverse  proportion  to  the  quantity  of  urine.  The  average 
amount  of  solids  per  twenty-four  hours  is  calculated  as  60  grams.  The 
quantity  may  be  calculated  with  approximate  accuracy  by  means  of  the 
specific  gravity  if  the  second  and  third  decimals  of  this  factor  be  mul- 
tiplied by  Haser's  coefficient,  2.33.  The  product  gives  the  amount 
of  solids  in  1000  c.  c.  of  urine,  and  if  the  quantity  of  urine  eliminated  in 
twenty-four  hours  be  measured,  the  quantity  of  solids  in  twenty-four  hours 
may  be  easily  calculated.  For  example,  1050  c.  c.  of  urine  of  a  specific 
gra\ity  1.021  was  eliminated  in  twenty-four  hours;  therefore  the  quantity 

of  solids    excreted    was    21x2.33  =  48.9    and         looo       =^^-35    grams. 

LoxG  ^  has  made  a  new  determination  of  the  coefficient  for  a  specific  gravity 
taken  at  25°  C.  and  finds  that  it  is  equal  to  2.6,  which  corresponds  nearly 
to  Haser  's  coefficient  at  15°  C. 

Those  bodies  which,  under  physiological  conditions,  affect  the  density 
of  the  urine  are  common  salt  and  urea.  The  specific  gravity  of  the  first  is 
2.15  and  the  last  only  1.32;  so  it  is  easy  to  understand,  when  the  relative 
proportion  of  these  two  bodies  essentially  deviates  from  the  normal,  why 
the  above  calculation  from  the  specific  gravity  is  not  exact.  The  same  is 
true  when  a  urine  poor  in  normal  constituents  contaias  large  amounts  of 
foreign  bodies,  such  as  albumin  or  sugar. 

As  above  stated,  the  percentage  of  solids  in  the  urine  generally  decreases 
with  a  greater  elimination,  and  a  very  considerable  excretion  of  urine 
(poltpiria)  has  therefore,  as  a  rule,  a  lower  specific  gravity.  An  important 
exception  to  this  rule  is  observed  in  urine  containing  sugar  (duibdcs  nwlli- 
tus)f  in  which  there  is  a  copious  excretion  with  a  very  high  specific  gravity 
due  to  the  sugar.  In  cases  where  very  little  urine  is  excreted  (oliguria),. 
e.g.,  during  profuse  perspiration,  in  diarrkra,  and  in  fevers,  the  specific 
gravity  of  the  urine  is  as  a  rule  very  high;  the  percentage  of  solids  is  also 
high  and  the  urine  has  a  dark  color.  Sometimes,  as  for  example  in  certain 
cases  of  albuminuria,  the  urine  may  have  a  low  specific  gravity  notwith- 
standing the  oMguria,  and  be  poor  in  solids  and  light  in  color. 

In  certain  cases  it  is  interesting  to  know  the  relationship  between  the 
carbon  and  the  nitrogen,  or  the  quotient  C/X.  This  factor  may  vary 
between  0.7-1;  as  a  rule,  it  amounts  on  an  average  to  0.87,  but  changes 
according  to  the  nature  of  the  food  and  Is  higher  after  a  diet  rich  in  car!)  >- 
hydrates  than  after  food  rich  in  fat  (Scholz,  Bouchard,  Pregl,  Ta\c;i.  -). 

It  is  difficult  to  give  a  tabular  view  of  the  composition  of  urine  0:1 

.*Journ.  Amer.  Chem.  See,  25. 

'Pregl,  Pfluger's  Arch.,  75,  which  contains  the  older  literature.  Tangl,  vVrch.  f. 
(Anat.  11.)  Physiol.,  1899,  Suppl. 
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account  of  Its  variation.  For  certain  puqx)ses  the  follow^ing  table  may  be 
lof  some  value,  but  it  must  not  be  overlooked  that  the  results  are  notgiv'co 
for  1000  parts  of  urine^  but  only  approximato  fi^zures  for  the  quantities  of 
the  most  important  constituents  whicli  are  eliminate*]  during  the  course  ot 
twenty-four  hours  in  a  volume  of  1500  c,  c.  of  urine. 


Cnnuilc  conatituent»=35  grms. 

Urea 30-0  grms. 

Uric  acid 0.7    '* 

Creatinine. 1.0     *  * 

Hippiiric  acid.  , ,  .  * . .     0.7     " 

Retimmifig  organic  bodies  .  .     2.6     '* 


Daily  quantity  of  aolids—GO  grois 


Inorganic  con-^tittients=  25  grms. 
Sodium  chJoride  (XaCl).  ,  .  ,   15.0grmft 

Sulphuric  acid  ( fcljS(JJ 2.5   ** 

Phosphoric  acid  i  PiOj) 2.5   " 

Potas^irnu  <Kjr>^  ..     3.3   " 

Aniniofiia  (NH,l  .     0.7    " 

Magiu^ia  (MgO),  ,, , ,     0.5   " 

Lime  (CaO). , ,     0.3    *' 

Remaming  inor^ganic  bodies*     0.2    ' 


Urine  contains  on  an  average  40  p.  m,  solitls.    The  quantity  of  urea  is 
about  20  p.  m,  and  coniinon  salt  about  10  p*  rii. 

The  physico-chemical  methods  are  being  ased  in  urinar>'  analysis  even 
to  a  c;reater  extent  than  in  the  analysis  of  other  animal  fluids.  A  gr^t 
nuniljer  of  cryoscopic  detenu inations  Ijut  fewer  conductivit}^  detemiinatious 
have  been  made.  A  constant  relatioaship  between  the  values  found  by 
physico-chemical  methods  and  the  analytical  methoils  has  been  sought, 
for  example,  lietween  the  freezing-point  depression  and  the  specific  gravity 
or  the  common  salt  and  others;  or  attempts  have  been  made  to  find  certain 
regidarities  in  the  composition  of  the  urine  based  upon  tlie  results  of  various 
methnds,  and  in  this  way  to  obtain  an  explanation  as  to  the  mechanism  of 
the  excretion  of  urine  in  ortler  to  apply  them  for  diagtuistic  purposes.  The 
results  obtained  are,  as  is  to  be  expecte<!.  so  variable  and  dependent  upon 
so  many  conditions  which  cannot  be  controlled,  that  certain  conclusions 
must  be  drawn  with  the  greatest  caution.  In  regard  to  the  value  and  tise- 
fulness  of  the  various  constant's  and  relations,  which  are  basoil  upon 
theoretical  considerations,  the  views  are  unfurtunately  still  too  divergent* 

V.  Casual  Urinary  Constituents. 

The  casual  appearance  in  the  urine  of  medicinal  agents  or  of  urinary  con- 
stituents resulting  from  the  introduction  of  foreign  substances  into  the 
ojganiym  is  of  practical  importance,  be(*ause  such  ciimpounds  may  inter- 
fere in  certain  urinar}*  investigations;  they  also  afford  a  good  means  of 
determining  whether  certiiin  substances  have  been  introtluced  into  the 
organism  or  not.  From  this  point  of  view  a  few  of  these  bodies  will  be 
fipoken  of  in  a  following  section  (on  the  pathological  urinar>'  constituents)* 
The  presence  of  these  foreigri  bodies  in  the  urine  is  of  special  interest  in 
those  cases  in  which  they  ser\'e  to  elucidate  the  chemical  transformations 
i^hich   certain    substances   undergo  within   the  organism.     As  inot^ani^ 
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substances  generally  leave  the  body  unchanged,*  they  are  of  very  little 
interest  from  this  standpoint;  but  the  changes  which  certain  organic  sub- 
stances undergo  when  introduced  into  the  animal  body  may  thus  be  studied 
in  so  far  as  these  transformations  are  shown  by  the  urine. 

The  bodies  belonging;  to  the  fatty  series  underro,  though  not  without 
exceptions,  a  combustion  leading  towards  tho   final  products  of  metab- 
olism; still,  often  a  greater  or  smaller  part  of  the  boc'ies  in  question  escape 
oxidation  and  appear  unchanged  in  the  urine.    A  part  of  the  acids  belong- 
ing: to  this  series  which  are  otherwise  burnt  into  water  and  carbonates  and 
render  the  urine  neutral  or  alkaline  may  act  in  this  manner.    The  volatile 
laity  acids  poor  in  carbon  are  less  easily  oxidized  than  those  rich  in  carbon^ 
and  they  therefore  pass  unchanc:ed  into  the  urine  in  lar^e  amounts.    This 
is  especially  true  of  formic  and  acetic  acids  (Schottex,  Gr6hant  and 
QuiNQUAUD*).    The  statements  in  regard  to  oxalic  acid  are  contradictory* 
In  birds,  according  to  Gaglio  and  Giuxti,  it  is  not  oxidized.     In  mammals 
it  is  in  great  part  oxidized,  according  to  Giunti,  while  Gaglio  and  PoHb 
claim  that  it  is  not  destroyed.     Marfori  and  Giuxti  claim  that  in  humaa 
beings  oxalic  acid  is  in  great  part  oxidized,  although  the  recent  investiga- 
tions  of  Salkowski,   Pierallixi,  Stradomsky,   Klemperkr   and   Trit- 
8CHLER  •  seem  to  show  that  the  acid  is  only  in  part  destroyed  in  the  animal 
body.     In  order  to  exactly  determine  that  portion  of  the  ingested  oxalic 
acid  which  is  absorbed  and  excreted  by  the  urine  or  burnt  in  the  body,  t 
must  necessarily  be  known  whether  or  not  a  portion  of  the  acid  is  destroyed 
in  the  intestine  and  is  therefore  not  absorbed.    Tartaric  acids  act  differ- 
ently, according  to  Brion;  *  namely,  in  dogs  the  tevo-tartaric  acid  is  nearly 
entirely  consumetl,  while  a  little  more  than  70  per  cent  of  dextro-tartaric 
acid  is  burnt.     Racemic  acid  is  oxidized  to  a  still  less  extent  in  the  animal 
body.     Succinic  and  malic  acids  are  completely  combustible,  according  to 
PoHL.*     Examples  of  the  different  behavior  of  stereoisomeric  substances 
have  alreafly  been  given  on  page  88. 

The  acid  amides  appear  not  to  be  altered  in  the  body  (Schultzex  and 
Nencki  •).  A  small  part  of  the  amino  acids  seems  to  be  eliminated  un- 
chan[::ed,  but  otherwise,  as  stated   above  (pa"o  409)  f  )r    Icucin,  gh/cocoUr 

*  In  regard  to  the  behavior  of  certain  of  these  bodiej,  see  He.iter,  Die  Ausscheidung 
korperfremden  Substanzen  in  Ilam,  Ergebnisse  d.  Physiol.,  2,  Abt.  I. 

'Schotten,  Zeitschr.  f.  physiol.  Chem.,  7;  Grc^hant  and  Quinquaud,  Compt.  rend.^ 
104. 

'Gaglio,  Arch.  f.  exp.  Path.  u.  Pharm.,  22;  Giunti,  Chcm.  Centralbl.,  1S97,  2; 
Marfori,  Maly's  Jahresber.,  20  and  27;  Pohl,  Arch.  f.  exp.  Path.  u.  Pharm.,  37;  Sal- 
kowski, Berl.  klin.  Wochenschr.,  1900;  Pierallini,  Virchow's  Arch.,  160;  Stradomsky, 
ibid.,  163;   Klemperer  and  Tritschler,  Zeitschr.  f.  klin.  Med.,  44. 

*  Zeitschr.  f.  physiol.  Chem.,  25. 

'  Pohl,  Arch,  f  exp.  Path.  u.  Pharm.,  37,  which  also  contains  the  statements  oa 
the  intermediary  products  formed  in  the  oxidation  of  the  fatty  bodies. 

*  Zeitschr.  f.  Biologic,  8. 
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and  aspariic  acid,  they  are  decoiiif>oseti  within  the  body,  and  may  tbct^ 
fore  cause  an  increased  excretion  of  urea.  Sarcosin  (methylglycocoll)^ 
XH(CH^.CH2.CO0H,  also  perhaps  passes  in  small  part  into  the  corre- 
sponding urainino  acid^  nieihi/lhi/dafUoic  acid,  XH2X*0,X(CHj).CHjXtW! 
{ScHULTZEN  ^),  Likcmse  laurinj  aminoethylsulphonic  acid,  which 
Bonicwhat  differently  in  different  animals  (Salkowski  ^)»  passes  in  hmimii 
beings,  at  least  in  part,  into  the  corresponding  uramino  acid,  tauro- 
carbamic  acid^  NHjX'O.XII.CjHi.SCX.OH.  A  part  of  the  tauria  also 
appears  as  such  in  the  urine.  In  rabbits,  when  taurin  is  introduced  into 
the  stomach  nearly  all  its  sidphur  appears  in  the  urine  as  sulphuric  imd 
hl/posulpkuroiis  acids.  After  subcutaneous  injection  the  tauriu  apt^>ears 
again  in  great  part  unchanKc^l  in  the  urine. 

The  nitriles,  iiiclu<lin«r  hydrocyanic  acid,  pass.  accordin*r  to  Lang,  iiito 
sulpliocyanide  combinations,  and  this  sulphocyaniile  apparently  originutes 
fnnu  the  non-oxidizml  sulphur  of  tlie  proteids,  %vhich  is  readily  split  off. 
pAscHELiis'  observations  indicate  that,  in  an  alkaline  reaction  and  at  the 
temperature  of  the  body,  this  sulphur  can  convert  the  alkali-cyanMes 
readily  into  sulphocyaiudes.  The  alkali  sulphocyanides  when  ingested 
^re  nearly  quantitatively  eliniinatetl  in  the  urine,  accordint;  to  Pollak.' 

By  siihslitullon  wUh  halogens,  bodies  otlienvise  readily  oxidizable  are 
converted  into  difficultly  oxidizable  ones.  While  the  aldehydc*s  are  readily 
and  completely  burnt  like  the  primary  and  secondary  alcohols  of  the  fatty 
series,  the  halogen  substituted  aldehydes  and  alcohols  are,  on  the  eoniran% 
difficultly  oxidizable.  The  halogen  substitution  pnxlucts  of  metliane 
(chlorofonB,  iodoform,  and  bromoform)  are  at  least  in  part  burnt,  and  the 
corresponding  alkali  combination  of  the  halogen  passes  int4i  the  urine.* 

By  coupling  with  sulphuric  acid,  the  alci>hols  which  are  otherwise  reatlily 
oxidizable  may  be  guarded  against  combusLion,  and  consequently  the  alkali 
gait  of  ethylsulphuric  acid  is  not  burnt  in  the  body  (Salkowski  *). 

The  organic  comhimiiions  containif}g  sulphur  act  some\A'hat  differently. 
W.  Smith  states  that  the  sulphur  of  the  thio  acids  like  thioglycolic  acid^ 
CH-wStLCOOH,  is  in  part  oxidized  to  sulphuric  acid,  and  according  v> 
CoLDMAXX  the  same  result  occurs  with  aminothiolactic  acid  (cj'stein) 
and  the  sulphur  of  the  thio  alcohols  (ethyl  mercaplans).  On  the 
rontrar>%  ethyls^dphide,  sulphnnic  and  sulpho  acids  in  peneral  (Salkowski, 


*  Lcr.  d.  deut^eh,  chem.  Gesellach.,  o.  See  aho  Bauitumn  and  v.  Mering,  ibirf.,  S, 
684,  and  E.  Salkowaki,  Zeitschr.  f.  physiol.  Chem.^  4,  107. 

'  B«r.  d.  deutsch.  chem.  Gesell»ch.,  6^  and  Vtrchow's  Arch.,  58. 

*  Lang,  Arch.  f.  exp.  Path.  u.  Pharm.,  34;  Pascheles,  ibid,;  Pollak,  IIofmebter*s 
Beit  rage,  2. 

*  See  Ilamack  and  Gniridler,  Berlin,  klin.  Wocheuschr.,  18S3;  Zeller,  Zeit^dir.  (. 
physiol.  Chem  ,  8;  Kaat,  ibid.,  11;  Binz,  Arch.  f.  e.\p.  Path.  u.  Pbarcn.,  28;  Zeehuisprv, 
Maly*s  Jahresher.,  23. 

*Pfluger'^  Arch.,  4. 
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(MTH  *)  are  not  changed  into  sulphuric  acid.  Oxyethylsulphonic  acid, 
iO.(yi4.SO,.OH,  which  is  in  part  oxidized  to  sulphuric  acid,  is  an  excep- 
iion  (Salkowski). 

Conjugation  with  glucuronic  acid  occurs,  according  to  the  investigations 
of  SuxDviK  and  especially  of  0.  Neubauer,  in  many  substituted  as  well 
a3   non-substituted    alcohols,    aldehydes,  and    ketones.     Chloral    hydrate, 
CjCljOH+HjO,   passes,   after  it   has   been   converted   into   trichlorethyl- 
ftlcohol  by  a  reduction,  into  a  laevogyrate  reducing  acid,  urochloralic  acid 
or  trichlorethyl-glucuronic  acid,  CjClaHj.CjHgOy  (Musculus  and  v.  Mering). 
Of  the  primary  alcohols  investi:^!:ated  b}^  Neubauer  '  (upon  rabbits  and 
dogs)  methyl  alcohol  gave  no  conjugated  glucuronic  acid  and  ethyl  alcohol 
only  a  small  amount.     Isobutyl  alcohol  and  active  amyl  alcohol  yielded 
relatively  large  quantities.     Secondar}^  alcohols  produced  conjugated  glucu- 
ronic acids,  and  indeed  to  a  greater  extent  than  the  priniar\'  alcohols,  espe- 
cially in  rabbits.    The  ketones  are  reduced  in  part  into  secondary  alcohols 
and  are  partly  excreted  as  the  conjugated  aci<l.    This  could  be  showTi 
for  acetone  with  rabbits  but  not  with  dogs. 

The  homo- and  heterocyclic  compounds  pass,  as  far  as  is  known,  into 
the  urine  as  such,  or,  after  a  previous  partial  oxidation  or  synthesis  with 
other  bodies,  they  appear  as  so-called  aromatic  compounds.  That  the 
benzene  ring  is  destroyed  in  the  body  in  certain  cases  is  very  probable. 

The  fact  that  benzene  may  be  oxidized  outside  of  the  body  into  carbon 
dioxide,  oxalic  acid,  and  volatile  fatty  acids  has  been  known  for  a  long 
time;  and  as  in  these  cases  a  rupture  of  the  benzene  ring  must  take  place, 
so  also,  it  must  be  admitted,  when  aromatic  substances  undergo  a  com- 
bustion in  the  animal  body,  a  splitting  of  the  benzene  nucleus  with  the 
formation  of  fatty  bodies  must  be  the  result.  If  this  does  not  occur, 
then  the  benzene  nucleus  is  eliminated  with  the  urine  as  an  aromatic  com- 
bination of  one  kind  or  another.  As  the  benzene  nucleus  can  protect  from 
destruction  a  substance  belonging  to  the  fatty  series  when  conjugated  with 
it,  which  is  the  case  with  the  glycocoll  of  hippuric  acid,  it  seems  also  that 
the  aromatic  nucleus  itself  may  be  protecte<l  from  oxidation  in  the  organ- 
ism by  syntheses  with  other  bodies.  The  aromatic  ethereal-sulphuric  acids 
are  examples  of  this  kind. 

The  difficulty  in  deciding  whether  the  benzene  ring  itself  is  destroyed  in 
the  Ixxly  lies  in  the  fact  that  we  do  not  know  all  the  different  aromatic 
transformation  products  which  may  be  produced  by  the  introduction  of 

*  Smith,  Pfliiger's  Arch.,  53,  55,  67,  and  Zeitschr.  f.  phvsiol.  Chem.,  17;  Salkowski, 
Virchow's  Arch.,  66;  Pfliiger's  Arch.,  39;  Goldmann,  Zeitschr.  f.  physiol.  Chem.,  9; 
also  Baumann  and  Kast,  ibid.,  14. 

^Sundvik,  Maly's  Jahresber.,  16;  Musculus  and  v.  Mering,  Rer.  d.  deutsch.  chem. 
Gesollsch.,  8;  also  v.  Mering,  ibid.,  15,  Zeitschr.  f.  physiol.  Chem  ,  6;  Kiilz,  Pfliiger's 
Arch.,  SS  and  33;  O.  Neubauer,  Arch.  f.  exp.  Path.  u.  Phann.,  46. 
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any  such  substance  into  the  organism,  and  which  must  be  sought  fork 
the  urine*     On  this  account  it  is  also  impossiljle  to  leani  by  exact  quanti- 
tative determinations  whetlier    or   not    an    aromatic    substance  iLgestrf 
or    absorbed    appears   again    unchangRj   in  the    urine.     C-ertain   obsena- 
tions  render  it  probable  that  the  benzene  ring,  as  above  mentioned,  i?  &i 
leiist  in  certain  eases  destroyed  in  the  body.     Schottex,  Batman^,  and 
others  have  found  that  eertain  amino  aeid  ,    uch  a^  phimylcnnino^proptonic 
acid  and  amrtw-cimmmic  acid,  and  tyrosin  when  introduced  into  the  Ixjdy 
cause  no  increase  in  the  quantity  of  known   aromatic  substances  in  the 
urine;  this  makes  a  destruction  of  these  aminf>  acids  in  the  animal  bctdy 
seera  prol>ahle.     Jltvalta  abso  made  experiments  on   dogs    with  p}dhalie 
acid  and  found  tliat  it  was  in  great  part  destroyed.      The  benzene  deriv- 
atives vary  in  belmvior  acc<jrdinf!;  to  the  position  of  the  substitution,  for  as 
found  by  R.  Cohx/  among  the  di-derivate^s  the  ortho  compounds  are  more 
readily  de^troyeil  than  the  corresponding  meta  or  para  eoinpounds. 

An  oxidation  in  the  side  chain  of  aromatic  compounds  is  often  found, 
and  may  also  occur  in  the  nucleus  itself.  As  an  example,  benzene  is  first 
oxidized  to  oxybenzene  (Schultzen  and  Naqnyn)^  and  this  is  then  further 
in  part  oxidized  into  dioxi/bvnzenes  (Baumaxn  and  Prkusse).  Naph- 
thfilenc  appears  to  be  converte^l  into  oxtjtmphth^denc,  and  probal>ly  a  part 
also  into  dioxfjnaphlhaienc  (Lesnik:  and  M.  Nhxcki).  The  hyilrocarbon 
with  an  amino  or  imino  group  may  also  be  oxidized  by  a  substitution  of 
hydroxy  I  for  hydrogen,  esperially  when  the  formation  of  a  derivative  in 
the  para  position  is  possible  (KuNGENiiERG).  For  example,  aniline^ 
CaHj.NHj,  parses  into  paraminophenob  which  latter  passes  into  the  urine  as 
its  ethereal-sulphuric  aeiil,  H.,N.C^,H^.O.S(K^.OH  {F.  Duller).  Acetanilid  is 
in  part  converted  into  acetyl  paraniinophenol  (Jaffi&  and  HiLBiiaiT,  K. 
Mornek)  and  carbazil  into  oxycarbazol  (Kungenberg  '). 

An  oxidation  of  the  side  chain  may  occur  by  the  hydro«^eri  atoms  being 
replaced  by  hydrnxyl  as  in  the  oxidation  of  indot  and  skaiol  into  in<loxyl 
and  skatoxyb  An  oxidation  of  the  side  chain  may  also  take  place  with  the 
formation  of  rarboxyl;  thus,  for  example,  toluene,  C^HjCHa  (Schultzen'  and 
Naunyn),  eth}jl-hem:ni\  CoHsXyi^,  and  propylbemnr,  CVHj.CaH,  (Xekcki 
and  Giacosa')^  beisides  many  other  bodies,  are  oxidized  into  benzoic  acid. 

*  Schtytleri,  Zeitschr  f.  phyaioL  Chem.,  7  anj  S;  Bmimann,  ibid,,  10,  130.  In  r^urd 
to  the  beliavior  of  tyrosin,  se«  especially  Blendermann,  ibid.,  6;  Schotten,  ibid.,  7; 
Bass,  ibid  ,11;  and  R,  Cohn,  ihid.^  II.  17;  Juvalta,  ibid.,  13 

'Schulrzen  and  Niiunyn,  Heicliert  and  Du  Bois-Reymond'&  Arch.,  18«i7;  Baumana 
and  Preusse,  ZeiUchr  f  physiol  Chern.,  3;  15*3.  See  also  Xencki  and  Giacosa,  ibid,.  I; 
LcsnLk  and  Nencki,  Arch.  f.  exp.  Path.  ti.  Pharm.,  24;  F.  Miiller,  Deut^h.  med 
Wochenschr  ,  1887;  JafTtf'  and  Hilbert,  Zeit^chr  t.  physiol  Chem.,  12;  M6mer»  i6i</.» 
13;  Klingenhcrg.  **Studien  liber  die  Oxydfitinn  uromati.Hcher  SubstaJizen/*  etc 
Inaug.-Diss.  Rostock,  1891.  In  regard  to  formanilid,  which  acts  essentially  iks 
acetanilid,  see  Kleine,  Zeitachr.  f   physiol    Chem.,  22, 
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Ctfmene  b  oxidized  to  cumic  acid,  xylene  to  toluic  acid,  methylpyridine  to 
Ijridine-caibonic  acid  in  the  same  way.     If  the  side  chain  has  several 
members,  the  behavior  is  somewhat  different.    Phenylacetic  acid,  C^Hj. 
CH,.(XX)H,  in  which  only  one  carbon  atom  exists  between  the  benzene 
BQcleus  and  the  carboxyl,  is  not  oxidized  but  is  eliminated  after  conjuga- 
tion with  glycocoll  as  p?ienaceturic  acid  (Salkowski  *).    Phcnylpropionic 
odd,  QBLj.CHj.CHj.COOH,  with  two  carbon  atoms  between  the  benzene 
nucleus  and  the  carboxyl,  is,  on  the  contrary,  oxidized  into  benzoic  acid.* 
Aromatic  ammo  acids  with  three  carbon  atoms  in  the  side  chain,  and 
in  which  the  NH,  group  is   bound  to    the  middle   one,  as   in    tyrosin, 
a-oxyphenylaminopropioni3     aciJ,    C,H4(OH).CH3.CH(NH2).COOH,     and 
a-pheni^minopropionic  acM?,CeHj.CH2.CH(NH2).COC)H,seein  to  be  in  great 
part  burnt  within  the  body  (see  above).     Phenylaminoacetic  acid,  which 
has  only  two   carbon   atoms   in    the   side   chain,   CeH5.CH(NH2)COOH, 
acts    differently,     passing     into     manddic     acid,    phenylglycolic     acid, 
CHj.CH(OH).C»OH  (ScHOTTEN  »). 

If  several  side  chains  are  present  in  the  benzene  nucleus,  then  only  one 
is  always  oxidized  into  carboxyl.  Thus  xylene,  CJi^(Cl{^2*  is  oxidized 
into  toluic  acid,  C,H4(CH5)C(X)H  (Schultzex  and  Naunyx),  niesilylener 
Cfi^CRX  into  mesUylenic  acid,  CeHjCCHa)^.^^!  (L.  Nexcki),  and 
cymene  into  cumic  acid  (M.  Nexcki  and  Ziegler  *), 

Syntheses  of  aromatic  substances  with  other  atomic  groups  occur  fre- 
quently. To  these  syntheses  belongs,  in  the  first  place,  the  conjugation  of 
benzoic  add  with  glycocoll  to  form  hippuric  acid,  first  discovered  by  Woh- 
LER.  All  the  numerous  aromatic  substances  which  are  converte^l  into 
benzoic  acid  in  the  body  are  voided  partly  a.s  hippuric  acid.  This  state- 
ment Is  not  true  for  all  species  of  animals.  Accordinn;  to  tlie  observations 
of  Jaff^,'  benzoic  acid  does  not  pass  into  hippuric  acid  in  birds,  but  into 
another  nitrogenous  acid,  omithuric  acid,  0,5,1X2^X204.  This  acid  yields  as 
splitting  products,  besides  benzoic  acid,  ornithin,  a  body  which  has  been 
spoken  of  on  page  78.  Not  only  arc  the  oxybcnzoic  acids  and  the  sub- 
Muted  benzoic  adds  conjugated  with  glycocoll,  forming  corresponding'- 
hippuric  acids,  but  also  the  al)Ove-mentioned  acids,  toluic,  mcsitylcnic, 
cumic,  and  phenylacetic  acids.  These  acids  arc  voided  as  toluric  mcsityl- 
enuric,  cuminuric,  and  pJienaccturic  acid^. 

It  must  be  remarked  in  re?:ard  to  the  oxybenzoic  acids  that  a  con- 
jugation with  glycocoll  has  only  boon  shown  with    salicylic  and  p-oxv- 

*  Zeitschr.  f.  physiol.  Cliem.,  7  and  9. 

*See  E.  and  H.  Salkowski,  Ber.  d.  deutsch.  chem.  Gesellsch.,  12. 
■  Zeitschr.  f .  physiol.  Chem. ,  8. 

*L.  Nencki,  Arch.  f.  exp.  Path.  u.  Pharm.,  1;  Xencki  and  Ziegler,  Ber.  d.  deutsch. 
ehem.  Gesellsch.,  5.     See  also  O.  Jacobsen,  ibid.,  12. 
»/6ui.,  lOandll. 


544 


VRINE. 


benzoic  acid  (Bertacvixt,  Baumann,  Herter,  and  others),  while  BAr- 
M.JIXX  and  Herter  ^  find  it  only  ver>"  probable  for  mnaxj^benzoic  acid. 
The  oxybenxoic  acids  arc  also  in  part  eliminateil  as  conjugateti  sulphuric 
acidsj  which  Is  especially  true  for  m-oxybenzoic  acid.  The  three  amino- 
benzf*ic  acids,  according  to  the  experiments  of  Hildebraxdt,  on  rabbil 
appeared  at  least  in  part  unclianged  in  the  urine.  Salkowski  {omS} 
as  was  later  confirmed  by  R.  Cohn,^  that  m-aniinobenzoic  acid  passes  la 
part  into  uraminobenzaic  acid,  HjN.CO.HN.CoH^.COOH.  It  is  also  in  pari 
eliminated  as  arninoliippuric  acid. 

The  halogen  substitutetl  compounds  of  toluene  behave  somewhat  differ- 
ent in  various  animals  according  to  HiLDEDRAxnt't^  experiments.  In  d(^ 
they  are  converted  into  the  corresponding  suljstituted  hippuric  acid-  In 
rabl)its  o-brom toluene  Ls  completely  clianged  to  hippuric  acid,  the  m-  and 
p-bromtoluene  only  i>art!y.  The  tliree  chlortoluenes  are  converted  In  rab- 
bits into  the  corTespoiidin^  benzoic  acid  and  are  eliminated  as  such  and 
not  as  hippuric  acid. 

The  substitutwl  aldehydes  are  of  special  interest  as  substances  which 
may  undergo  conjugation  with  glycocoll.  According  to  the  investigations 
of  R.  Coux  *  on  this  subject  o-niirobaizildciiyde  when  introduced  into  a 
ral>l>it  is  only  in  a  ygty  small  part  converted  into  nitrobenzoie  aeiii,  and 
the  chief  mass,  about  90  jxt  cent,  is  de^^troyed  in  the  body.  According 
to  SiEOEB  and  Smirxow  ^  rn-nilrobenzihiehijde  passes  in  dogs  into  m-nitro 
hippuric  acid^  and  according  to  Cohx  into  urea-  m^nitrohippurate.  In 
rabbits  the  behavior  is  quite  different.  In  this  case  not  onl^^  does  an 
oxidation  of  the  al{iehyde  into  benzoic  acid  take  place,*but  the  nitro 
group  is  also  reiluctnl  to  an  amino  group,  antl  finally  to  tliis  acetic  acid 
attaches  itself  with  the  expukion  of  water,  ^y  that  the  final  pro<iuct 
is  m-acdylaminohcnzoic  acid,  CH,.C0.XII.r'QH4,C00IL  This  process  is 
analogous  to  the  behavior  of  furfurol,  and  the  reduction  does  not  take 
jjlace  in  the  intestine,  but  in  the  tissues.  The  p-nitrobenzaldehyde 
acts  in  rabbits  in  part  like  the  m-aldeliyde  and  passes  in  part  into 
])-<teetijlaminobert2oic  acid.  Another  i)art  is  converted  into  />-mtn>- 
benzoic  acid,  and  the  urine  contains  a  chemical  combination  of  equal 
parts  of  these  two  acids.  According  to  Sieber  and  Smirxow  p-nitro- 
benzaldehyde  yields  ouly  urea  ;)-nitrohippurate  in  dogs.  The  above- 
men  tifuied  pyndinc-mrhoni^  acid,  formed  from  mcthylpyridine  (a-picoline) 
passes  into  the  urine  after  conjuirat ion  with  glycocoll  as  a-pijridi neurit acid.^ 


*  Zeitschn  f.  physiol  Chem.,  1,  where  Bertagnini  *a  work  is  also  cited.     See  &bo 
Dautzenheri^^  Maly*s  Jaliresbttr,  11,  23  L 

'  Salkowski,  Zeitschr   (,   physiol.  Chem.,  7;    Cohn,  ibul.t  17 i    Hildebraodt,  Hof- 
meister'd  Beitrilge,  3. 

'  Zeit'M^hr   f   physiol    rhem,^  17 

*  Maniit*«hefte  f.  Chem,,  8, 

*  in  regard  to  the  extensive  WleraUwc  on  ^^cc«c\\  cow\vu|,«l\<«sa  we  refer  the  reader 
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To  those  substances  which  undergo  a  conjugation  with  glycocoU  belongs 
also  jwrfwrcl  (the  aldehyde  of  pyromucic  acid),  which,  when  introduced  into 
rabbits  and  dogs,  as  shown  by  Jaff6  and  Cohn,  is  first  oxidized  into  pyro- 
mucic  acid   and   then   eliminated   as    pyromtumric  acid,   C7H7N4O,   after 
conjunction  with  glycocoU.      In  birds  this  behavior  is  different,  namely, 
the  acid  is  conjugated  with  another  substance,  ornithine  CjHijNjO,,  which 
is  a  diaminovalerianic  acid,  forming  pyromucinomithuric  acid.     Similar  to 
furfurol,  thiophene,  C4H4S,  correspondin'ij  to  furfurane,  is  oxidized  to  thio" 
phenic  acid,  which,  according  to  Jaff6  and  Levy,*  is  conjugated  with  glyco- 
coU in  the  body  (rabbits)  and  eliminated  as  thiophenuric  add,  CyH^NSOj. 
Furfurol  also  undergoes  conjugation  with  glycocoU  in  other  forms  in 
mammals.    Thus  Jaff£  and  Cohx  found  that  it  is  in  part  combined  with 
acetic  acid,  formin^:  furfuracrylic  acid,  C^HaO.CHrCH.COOH,  which  passes 
into  the  urine  coupled  with  glycocoU  as  furfuracryluric  acid. 

Another  very  important  synthesis  of  aromatic  substances  is  that  of 
the  ethereal-sulphuric  acids.  Phenols  and  chiefly  the  hydroxylated  aromatic 
hydrocarbons  and  their  derivatives  are  voided  as  ethereal-sulphuric  acids, 
according  to  Baumanx,  Herter,  and  others.' 

A  conjugation  of  aromatic  acids  with  sulphuric  acid  occurs  less  often. 
The  two  above-mentioned  aromatic  acids,  p-oxyphenylacetic  and  p^xy- 
phenylpropionic  acid,  are  in  part  eliminated  in  this  form.  GerUisic  acid 
(hydroquinone-carbonic  acid)  also  increases,  according  to  Likhatscheff,' 
the  quantity  of  ethereal-sulphuric  acid  in  the  urine,  and  according  to 
RosT  the  same  occurs,  contrary  to  the  older  statements,  with  gallic  acid 
(trio?c\'benzoic  acid)   and  tannic  acid.^ 

While  oce/opAeTione  (phenylmethylketone) ,  C0H5.CO.CH3,  as  shown  by 
11.  Xexcki,  is  oxidized  to  benzoic  acid  and  eliminated  as  hippuric  acid, 
the  aromatic  oxyketones  with  hydroxyl  groups,  such  as  resacetophenone, 

CeH3(OH)(OH)(CO.CH3),    paraoxypropiophenone,    CeH,(0H)(C0CHt.CH3), 

12  3  4 

and  gallacetophenone,  CoH2(OH)(OH)(()H)(CO.CH3),  pass  into  the  urine 
without  pre\nous  oxidation  as  ethereal-sulphuric  acids  and  in  part  after 
conjugation  with  glucuronic  acid  (Xexcki  and  Rekowski  *).     Euxanthon, 

to  O.  Kiihling  Ueber  StofTwechselprodukte  aromatischer  Korper.  Inaug.-Diss., 
Berlin,  1887. 

*  Jaff^  and  Cohn,  Ber.  d.  deutsch.  chem  Gesellsch.,  20  and  21;  with  Levy,  ibid.,  21. 

*  In  regard  to  the  literature,  see  O.  Kiihling,  1.  c. 
■  Zeitschr.  f.  physiol.  (^hem.,  21. 

*  In  regard  to  the  behavior  of  gallic  and  tannic  acids  in  the  animal  body,  see  C. 
Momer,  Zeitschr.  f.  physiol.  Chem.,  16,  which  also  contains  the  older  literature;  also 
Hamack,  ibid.,  24,  and  Rost,  Arch.  f.  exp  Path.  u.  Pharm.,  38,  and  Sitzungsber  d. 
Gesellsch.  zur  Beford.  d.  ges.  Naturwiss.  zu  Marburg,  1898. 

*  Arch.  d.  scienc.  biol.  de  St.  P<3tersbourg,  3,  and  Ber.  d.  deutsch.  chem.  Gesellsch., 
27. 
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which  is  also  an  aromatic  oxyketone,  passes  into  the  urine  as  euxanth 
after  the  conjugation  with  glucuronic  acid  pre\iously  mentioned. 

A  conjugation  of  other  aromatic  substances  wUh  glucuronic  acid,  which 
last  is  protectee!  from  combustion^  occurs  rather  often.     The  phenols,  is 
above  state^l  (page  505),  pass  in  part  as  conjugated  glucuronic  acids  i:ilD 
the  urine.    The  same  is  true  for  the  homologues  of  the  phenols^  for  cert^a 
substituted  phenols,  and  for  many  aromatic  substances,  also  hydrocarV)oris 
after  previous  oxi<lH(ion  and  hydration.     Thus  Hcldebraxdt  and  Fromm 
and  Clemens  *  have  shown  that  the  cyclic  tcrpenc^  and  camphors ^  by  oxiila- 
tion  or  hydration,  or  in  certain  cases  by  both,  are  converted  into  hydrox]^ 
derivatives,  when  the  bod>'  in  questirm  is  not  pre\'iousl\'  hydroxylized,  and 
that  these  hydroxy  1  derivatives  are  eliminate  I  as  conju^ate'l  ^•^I'lcun^inic 
acids.     C<injugat<ed  glucuronic  acids  are  detected  in  the  urine  after  the 
introtkiction  uf  various  substances,  e.g.,  therapeutic  a'xents,  into  the  organ- 
ism, namely,  UrpeneSf  borneol^  menthol,  camphor  (c amp hogl neuronic  acid 
was  first  observed  by  Schmiedeberg),  naphthalene^  oil  of  turpentine,  or^ 
quinolines,  atUipj/rlnc,  and  many  other  l>odies.'     Orthonitrotolttene  in  do'ts 
passes  first  into  o-uitrol>enzyl  alcohol  and  then  into  a  conjugated  glucun^nie 
acid,  uronitrotoliLolic  (icid  (Jaff6  ').     The  glucuronic  acid  split  off  from 
this  conjugated  acid  is  Itevogyrate  and  hence  not  i<lentical,  but  only  Isomeric 
with  the  ordinary''  glucuronic  acid.     Indol  and  ftJcatol  seem,  as  above  stated 
(page  509),  to  be  eliminatefi  in  the  urine  partly  as  conjugated  giurun^nic 
acids. 

A  synthesis  in  which  compounds  containing  sulphur,  m^^rcapturic  acid^  are 
formed  and  eliminatetl  after  conjugation  with  glucuronic  acid,  occurs  when 
chlorine  and  bromine  derivatives  of  benzene  are  introduced  into  the  organism 
of  dogs  {Baumanx  and  Fkiiusse,  Jaff^).  Thus  chlorhcnzjnc  combiner 
with  cyslein,  forming  chlorphcnylmcrcapluric  add^  CaH,jCISXO,.  The 
recent  investigations  of  Fkied.mann  *  show  that  the  phenylthiolaetic  acid 
which  forms  the  foimdation  of  the  mercapturic  acids  belongs  to  the  ,.3-series, 
and  in  this  way  the  direct  chemical  connection  of  this  body  with  the  pn> 
teid-eystin  (a-amino-^S-thiolactic  acid)  Ls  estahlished.  Friedma-VN  has  abo 
been  able  t-o  convert  cy stein  into  Ijromphen^dmercapturic  acid. 

Pyridine f  C5H5N,  which  d<jes  n(»t  combine  either  Avith  glucuronic  acid 
or  with  sulphuric  acid  after  previoiLs  oxidation,  show*s  a  special  behavior. 


'  Hlidcbrandt,  Arch.  f.  exp.  Path.  u.  PhantK,  45,  46;  Zeitschr.  f.  physiol  Chcm  . 
30;  with  Fromm,  ihuJ.t  3^1;  tind  with  (lemcns»  ifnd.,  37;  Fromni  and  Clemens,  ibid.,  34 

'  See  0,  Kidding,  I  c,  which  #^ives  the  literature  up  to  1887;  also  E.  KtiLz,  Zeitschr 
f.  Biologie,  27;  the  works  of  Hildelirandt,  Fromm  and  Clemens,  see  foot-note  1; 
Brahra,  Zeitschr.  f.  ph3''aiol.  Cheni.,2.S;  Feiiyvesay,  <6wf.,  30;  BonaDQi,  Hofmeister'9 
Beitrago,  1;   Lawrjw,  Ber.  d.  d.  chem.  Gt^hellseh.,  33. 

'  Zeit<tjchr  f.  physiol.  Chem,,  2. 

*  Baumann  and  Preusso,  Zeit-^chr  f.  physjol  Chem.,  5;  Jaff€,  Bcr  d  deiitsch. 
cbetn,  Gefltfllach. ,  12;   Friedimiuu,  \lo\u\fe\s\Aiv**  ^tvUBu^^a^  4. 
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It  takes  up  a  methyl  group  as  found  by  His  and  later  confirmed  by  Cohn/ 
and  forms  an  ammonium  combination,  methylpyridyl-ammoniuin  hydroxide, 
flO.CH,.XC,H,. 

Several  alkaloids,  such  as  quinine,  morphine,  and  strychnine,  may  pass 
into  the  urine.    After  the  ingestion  of  turpentine,  balmm  of  copaiva,  and 
mins,  these  may  appear  in  the  urine  as  resin  acids.     Different  kinds  of 
coloring-matters,  such  as  alizarin,  crysophanic  acid,  after  rhubarb  or  senna, 
and  the  coloring-matter  of  the  blueberry,  etc.,  may  also  pass  into  the  urine. 
After  rhubarb,  senna,  or  santonin  the  urine  assumes  a  yellow  or  greenish- 
llow  color,  which  is  transformed  into  a  beautiful  red  by  the  addition 
of  alkali.    Phenol  produces,  as  above  mentioned,  a  dark-brown  or  dark- 
^reen  color  which  depends  mainly  on  the  decomposition  pnxlucts  of  hydro- 
quinone  and  humin  substances.    After  naphthalene  the  urine  has  a  dark 
<»lor,  and  several  other  medicinal    agents  produce  a   special  coloration. 
Thus  after  antipyrine  it  becomes  yellow  or  bl(XKl-recl.    After  balsam  of 
copaiva  the  urine  becomes,  when  strongly  acidified  with  hydrochloric  acid, 
gradually  rose  and  purple-red.      After   naphthalene  or  naphihol  the  urine 
gives  with  concentrated  sulphuric  acid  (1  c.  c.  of  concentrated  acid  and  a 
few  drops  of  urine)  a  beautiful  emerald-green  color,  which  is  probably  due 
to  naphthol-glucuronic  acid.    Odoriferous  b(Klies  also  pass  into  the  urine. 
After  asparagus  the  urine  acquires  a  sickly  disagreeable  odor  which  is  prob- 
ably due  to  methylmercaptan,  according  to  M.  Nexcki.'    After  turpentine 
the  urine  may  have  a  peculiar  odor  similar  to  that  of  violets. 

VI.  Pathological  Constituents  of  Urine. 

Proteid.  The  appearance  of  slight  traces  of  proteid  in  normal  urines 
has  been  repeatedly  observed  by  many  investigators,  such  as  Posner, 
Pl6sz,  v.  Noordex,  Leube,  and  others.  Accordins:  to  K.  Morner  '  pro- 
teid regularly  occurs  as  a  normal  urinary  constituent  to  the  extent  of  22-78 
milligrams  per  liter.  Frequently  traces  of  a  substance  similar  to  a  nucleo- 
albumin,  which  is  easily  mistaken  for  mucin,  a])poars  in  the  urine  and 
whose  nature  will  be  treated  of  later.  In  diseased  conditions  proteid 
occurs  in  the  urine  in  a  variety  of  cases.  The  albuminous  bodies  which 
most  often  occur  are  serglobulin  and  seralbumin.  Albumoses  (or  pep- 
tones) also  sometimes  are  present.  I'he  (juantity  of  proteid  in  the  urine 
is  in  most  cases  less  than  5  p.  m.,  rarely  10  j).  m.,  and  only  vcr}^  rarely 
does  it  amount  to  50  p.  m.  or  over.  Cases  are  known,  however,  where  it 
was  even  more  than  80  p.  m. 

Among  the  many  reactions  proposed  for  the  detection  of  proteid  in 
urine,  the  following  are  to  be  recommended: 


'  His,  Arch.  f.  exp.  Path.  u.  Phann.,  22;  Cohii,  Zeitschr.  f.  physiol.  Chem.,  18. 
"Arch.  f.  exp.  Path.  u.  Pharm.,  28. 
•Skand.  Arch.  f.  Physiol.,  6  (literature). 
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The  Ileal  Test,    Filter  the  urine   and  t^st  its  reAction.     An  acid  urine 
may,  as  a  rule,  be  boiled  without  further  treatment,  and  only  in  esjMP<'uilly 
acid  urines  is  it  necessary  to  first  treat  with  a  little  alkah.     An  alkaline 
urine  is  niatie  neutral  or  fairHly  acid  before  heating.     If  the  urine  Is  pcior 
in  salts,  adil  ^V  vulof  asaturate<l  common-salt  solution  before  boiliiig;  then 
heat  Uf  the  b(iilin(];-fioint,  and  if  no  priH^ipitjitionj  cloudiness,  or  opalehcen<« 
appears,  the  urine  in  cjucj^tiun  caiitains  no  coagulable  proteid,  but  it  may 
contain  alimmoses  or  i>ei)tom^.     If  a  ()re</ipitate  Ls  prcnluced  on  boilings  this 
may  consist  of  proteid*  or  of  earthy  phosphates,  or  of  both.     Ihenionch 
hytlrogen  calcium  phosphate  flecomposes  on  boilini^,  and  the  normal  phos- 
j>ivate  may  separate  out.     The  j>roper  aiiiount  of  aeid  is  now  addetl  to  the 
uriui',  so  as  to  jirevent  any  mistake  caused  by  the  prt^sence  of  earthy  phos- 
phate's, and  to  ^ive  a  better  and  more  fiocinilent  precipitate  of  the  prnleifh 
If  acetic  acid  is  used  for  this,  then  a*ld  1-2-3  drops  of  a  25  per  cent  acid 
tf>  each  ID  c.  c.  of  the  urine  and  boil  after  the  addition  of  each  drop.     Oa 
using  nitric  atiil,  add  1-2  drops  at  the  25  per  cent  acid  tu  each  cubic  centi- 
meter of  the  l>oilin^-hot  urine. 

On  nsin;:  acetic  acid,  when  the  cpiantity  of  jiroteid  is  ver\^  small,  and 
especially  when  the  urine  was  onginally  alkaline,  the  proteid  may  some- 
times remain  in  s^dution  on  the  atldition  of  the  above  cjuantity  of  atid. 
If,  on  the  contrary,  less  acid  is  addcnl.  the  precipitate  of  calcium  phos- 
phate, which  forms  in  amjdwteric  or  faintly  acid  urines,  is  liable  not 
to  dissiilve  completely,  and  this  may  cause  it  t^)  be  mistaken  f<»r  a  j^roteid 
l>re(^ipitate.  If  nitric  acid  is  used  for  the  heat  test,  the  fact  must  not  be 
overltjoked  that  after  the  addition  of  only  a  little  acid  a  C(»m]>ination  be- 
t^veen  it  and  the  proteid  is  f^jrmed  wliich  Is  soluble  on  l/oilinn  and  which  is 
only  precii>itate<l  by  an  excess  of  the  acid.  Oa  this  account  the  large 
quantity  of  nitric  acid,  as  sugt^estetl  above,  miist  be  addetJ,  but  in  this 
case  a  small  part  of  the  proteid  Ls  liable  to  be  dLssolveil  liy  the  e-vcess  of 
the  nitric  acid.  When  the  acid  is  added  after  boiling,  which  is  absolutely 
necessary',  tlie  liability  of  a  mistake  is  not  so  ^reat.  It  is  on  these  grounds 
that  the  heat  test,  although  it  gives  very  good  results  in  the  hands  of 
experts,  is  not  reconmiended  to  physicians  a.s  a  positive  tt^t  for  proteid. 

A  confounding  with  mucin,  when  this  brnly  occurs  in  the  uruie,  is  easily 
preventtxl  in  the  heat  test  >vith  acetic  acid  by  acidifying  another  portion 
with  acetic  acid  at  the  orduiary  temperature.  Mucin  and  nuck^oalbuinin 
substances  similar  to  mucin  are  hereby  precipitated.  If  in  the  perform- 
ance of  the  heat  and  nitric-acid  test  a  precipitate  first  appears  on  cooling 
or  is  strikingly  increased,  then  this  shows  the  presence  of  albumoses  in  the 
urine,  either  alone  or  mixed  with  coagnlable  proteid.  In  this  case  a  further 
investigation  Ls  necessary  (see  below).  In  a  urine  rich  in  urates  a  precipitate 
consisting  of  uric  acid  separates  cm  cooling.  Tliis  precipitate  is  colored  and 
granular,  and  is  hanlly  tn  be  mistaken  for  an  albumose  or  proteid  precipitate. 

Heller's  k&t  is  performed  as  follows  (see  page  .'^0):  The  urine  Ls  very 
carefully  floatetl  on  the  surface  of  nitric  acid  in  a  test-tube.  The  presence 
of  proteid  is  shown  by  a  white  ring  between  the  two  liquids.  \\  ith  this 
test  a  red  or  reddish-violet  transparent  ring  is  always  obtained  with  normal 
urine;  it  depends  tipon  the  indigo  coloring-matters  and  can  hardly  be  mh- 
taken  for  the  white  orwhitisii  pmteid  ring,  and  this  last  must  Dot  be  mis- 
taken for  the  ring  produced  by  bile-pigments.  In  a  urine  rich  in  urates 
another  complication  may  occur,  due  to  the  formation  of  a  ring  produced 
by  the  precipitation  of  uric  add,    Tl\^  \irift-iwiid  rin^  does  not  lie,  like  the 
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proteid  ring,  between  the  two  liquids,  but  somewhat  higher.    For  this  rea- 
800  two  simultaneous  rings  may  exist  in  urines  which  are  rich  in  urates  and 
do  not  contain  very  much  proteid.     The  disturbance  caused  by  uric  acid 
k  easily  prevented  by  diluting  the  urine  with  1-2  vols,  of  water  before 
performing  the  test.    The  uric  acid  now  remains  in  solution,  and  the 
delicacy  of  Heller's  test  is  so  great  that  after  dilution  only  in  the  j)res- 
ence  of  insignificant  traces  of  proteid  does  this  test  give  negative  results. 
In  a  urine  very  rich  in  urea  a  ring-like  separation  of  urea   nitrate  may 
also  appear.     This  ring  consists  of  shining  crystals,  and  it  docs  not  appear 
in  urine  previously  diluted.    A  conTusion  with  resinous  acids,  which  also 
give  a  whitish  ring  with  this  test,  is  easily  prevented,  since  these  acids 
are  soluble  on  the  addition  of  ether.     Stir,  add  ether,  and  carefully  shake 
the  contents  of  the  test-tube.     If  the  cloudiness  is  due  to  resinous  acids, 
the  urine  gradually  becomes  clear,  and  on  evaporating  the  ether  a  sticky 
residue  of  resinous  acids  is  obtained.     A  liquid  which  contains  true  mucin 
does  not  give  a  precipitate  with  this  test,  but  it  gives  a  more  or  less  strongly 
opalescent  ring,  which  disap{)ears  on  stirring.     The  licjuid  does  not  con- 
tain any  precipitate  after  stirring,  but  is  somewhat  opalescent.     If  a  faint 
not  wholly  typical  reaction  is  obtained  with  Hkllkr's  test  after  some 
time  with  undiluted  urine,  while  the  diluted  urine  gives  a  pronounced 
reaction,  the  presence  is  shown  of  the  substance  which  used  to  be  calle  1 
mucin  or  nucleoalbumin.     In  this  case  proceed  as  described  below  for  fho 
detection  of  nucleoalbumin. 

If  the  above-mentioned  possible  ern^rs  and  the  means  by  which  they  may 
be  prevented  are  borne  in  mind,  there  is  hardly  another  test  for  proteid 
in  the  urine  which  is  at  the  same  time  so  ea^^ily  performed,  so  dolicato,  and 
so  positive  as  Heller's.  With  this  test  even  0.()02  per  cent  of  albumin 
may  be  detectet.l  without  difficulty.  Still  the  student  must  not  be  satisfied 
with  this  tast  alone,  but  should  apply  at  least  a  second  one,  such  as  the  heat 
test.  In  performing  this  test  the  (primary)  proteoses  are  also  ])recipitated. 
Tlie  reaction  with  mcUiphosphoric  acid  (see  pa^e  30)  is  ver}-  convenient 
and  easily  performed.  It  is  not  quite  so  delicate  and  positive  as  Heller's 
test.     The  proteoses  are  also  ])recipitated  by  this  reagent. 

Rexwtimi  with  Acetic  Acid  and  Potassium  Ferrocyanide.  Treat  the  urine 
first  with  acetic  acid  until  it  contains  about  2  per  cent,  and  then  add  drop 
by  drop  a  potassium-ferrocyanide  solution  (1:20),  carefully  avoiding:  an 
excess.  This  test  is  very  good,  and  in  the  hands  of  ex])erts  it  Is  even  more 
delicate  than  Heller's.  In  the  ])resence  of  very  small  quantities  of  pro- 
teid it  requires  more  practice  and  dexterity  than  Heller's,  as  the  relative 
quantities  of  reagent,  proteid,  and  acetic  acid  influence  the  result  of  the 
test.  The  quantity  of  salts  in  the  urine  likewise  seems  to  have  an  influence. 
This  reagent  also  precipitates  proteoses. 

Spiegler's  Test,  Spiegler  recommends  a  solution  of  8  parts  mercurio  chloride, 
4  parts  tartaric  acid,  20  parts  glycerine,  and  200  parts  water  as  a  very  dolic.'ate 
reagent  for  proteid  in  the  urine.  A  test-tube  is  half  filled  with  this  reagent  and 
from  a  pipette  the  urine  is  allowed  to  flow  upon  its  surface  drop  by  drop  along  the 
wall  of  the  test-tube.  In  the  presence  of  proteid  a  white  ring  is  obtained  at 
the  point  of  contact  between  the  two  liquids.  The  delicacy  of  this  test  is  1 :  350000. 
JoLLES  *  does  not  consider  this  reagent  suited  for  urines  very  [X)or  in  chlorine,  and 

» Spider,  Wien.  klin.  Wochenschr.,  1892,  and  Contral!>l.  f.  d.  klin.  Med.,  1893; 
JoUes,  Zeitschr.  f.  physiol.  Chem.,  21. 
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for  tbia  reason  he  has  changed  it  a^  follows:  10  grams  mercuric  chloride,  20 grsoia 
^Uc^inic  acid,  10  grams  NaCl,  and  500  c.  c.  water. 

^^     Roch's  TeM,     Treat  the  urine  cither  with  a  20  per  cent  watery  solutions 
iilphosahcylie  acid  or  a  few  cryistals  of  the  acid,     Tliis  reagent  does  not  precipit 

the  uric  acid  or  the  resin  acids;^ 

A.S  ever\^  normal  urine  contains  traces  of  proteid,  it  is  apparent  that 
very  delicate  reagents  are  only  to  be  iise<A  with  the  greatest  caution.    For 
ordinar\^  ctLses  Hellek's  test  is  sufficiently  delicate.     If  no  reaction  is 
obtained  with  this  test  ^\lthiIl  2^  to  3  miimtes,  the  urine  tested  contains 
less  than  0.fK)3  per  cent  of  proteid,  and  is  to  be  considered  free  from  proiei<i 
in  the  ordinary  Bease. 

The  use  of  ]>recipitating  reagents  presumes  that  the  urine  to  be  investi- 
gated Ls  perfectly  clear,  especially  in  the  presence  of  only^  ven^  little  pro— 
teitl*  The  urine  must  first  be  hltereiL  This  Is  not  easily  done  ^ith  urin^ 
containin^o;  bacteria,  but  a  clear  urine  may  be  obtained,  as  suggested  bir 
A.  JiiLLKs,  by  shaking  the  urine  with  infusorial  earth.  Although  a  littfe 
proteitl  is  retained  in  this  ^jrycedure  antl  lost  it  does  not  seem  to  be  of  any 
importance  ((  Irt  tzneu ,  St "H  w k i ss i  xu kh  ') , 

The  difTerent  color  reactions  cannot  be  directly  used,  especially  in  deep- 
colored  urini3s  which  only  contain  little  protcid.  The  common  salt  of  the 
urine  has  a  disturbing  action  on  Millon's  reagent.  To  prove  more  pogi- 
titely  the  presence  of  proteid,  the  precipitate  obtained  in  the  boiling  test 
may  be  filtered,  washed,  and  then  tested  with  Millon*s  reagent.  The 
precipitate  may  also  be  ilissolved  in  dilute  alkah  and  the  biuret  test  applied 
to  the  solution.  The  presence  of  proteoses  or  peptones  in  the  urine  k 
directly  testeil  for  by  this  last-mentioned  test.  In  testing  the  urine  for 
proteid  one  should  never  be  satisfieti  with  one  reaction  alone,  but  must 
a]>]>ly  the  heat  test  and  Heller's  Lir  the  potitssium-ferrocyanide  test.  In 
using  the  heat  test  alone  the  proteoses  may  be  easily  overlooked »  but  tlieseare 
detected,  on  the  contrar}^  by  Heller's  or  the  potassium  ferroeyanide  test. 
If  only  one  of  these  tests  is  emi>loyed,  no  sufficient  intimation  of  the  kind  of 
proteid  ji resent  can  be  obtained,  whether  it  consists  of  proteoses  or  coaeti- 
lable  proteid. 

For  practical  purposes  several  dry  reagents  for  proteid  have  been  recommended 
Besides  the  metaphosj^horic  acid  may  be  mentioned  Stutz's  or  Furbrjngem^s 
gelatine  rapsulcs,  which  contain  mercuric  chloride,  sodium  chloride,  and  citric 
acid;  and  t'lEissLEu's  albumin-teHt  pa|M?rs,  which  consist  of  strips  of  filtcr-pnper 
which  IvAVty  liecn  dipped  in  a  solution  of  citric  acid  and  aisc  met'curic-rhloride  and 
potassium-iodide  solution  and  then  dried. 

If  the  presence  of  proteid  has  been  positi\Tly  prove<i  in  the  urine  by 
the  above  tests,  it  then  remains  necessarj'  to  determine  its  character. 

The  Delection  of  Giobidin  (ind  Albumin.  In  detecting  serglobuUn  the 
urine  Is  exactly  neutralized,  filtered,  and  treated  with  majo:nesium  sulphate 
in  substance  until  it  is  completely  saturated  at  the  ordinary'  temperature, 
or  with  an  etpial  volume  of  a  saturated  neutral  solution  of  ammonium  sul- 
phate. In  both  cases  a  white,  flm'culent  precipitate  is  formed  in  the 
presence  <jf  glnhulin.  In  usin^  ammonium  sulphate  with  a  urine  rich  in 
urates  a  [Jrcf  imitate  consistiir^  of  ammonium  urate  may  separate.     This 

*  Pharmacout,  Crntralhalle,  1889,  and  Zeitschr.  f.  anal,  Chem.,  M, 

'  Jolles,  Zeitschr.  f,  anal.  Chem.,  2ft;  Griitzner,  Chem,  Centralbl.,  1901, 1;  Schweis- 
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precipitate  does  not  appear  immediately,  but  only  after  a  certain  time,  and 
It  must  not  be  mistaken  for  the  globulin  precipitate.  In  detecting  ser- 
albuinin  heat  the  filtrate  from  the  globulin  precipitate  to  boiling-point  or 
add  about  1  per  cent  acetic  acid  to  it  at  the  ordinary  temperature. 

Proteoses  and  peptones  have  been  repeatedly  found  in  the  urine  in 
different  diseases.  Reliable  reports  are  at  hand  on  the  occurrence  of 
proteoses  in  the  urine.  The  statements  in  regard  to  the  occurrence  of 
peptones  date  in  part  from  a  time  when  the  conception  of  proteoses  and 
peptones  was  different  from  that  of  the  present  day,  and  in  part  they  are 
based  upon  investigations  using  untrustworthy  methods.  According  to 
Ito  ^  true  peptones  are  sometimes  found  in  the  lu-ine  in  cases  of  pneu- 
monia; what  has  been  designated  as  urine  peptone  seems  to  have  been 
chiefly  deuteroproteose. 

In  detecting  the  proteoses  the  proteid-frce  urine,  or  urine  boiled  with 
addition  of  acetic  acid,  is  saturated  with  ammonium  sulphate,  which  precipi- 
tates the  proteoses.  Several  errors  are  here  possible.  The  urobilin,  which 
may  give  a  reaction  similar  to  the  biuret  reaction,  is  also  precipitated  and 
may  lead  to  mistakes  (Salkowski,  Stokvis  *).  A  small  quantity  of  the  pro- 
teid  may  remain  in  solution  after  coa'^ulatioii  and  this  may  bo  precipitated 
by  the  ammonium  sulphate  and  be  mistaken  for  proteoses.  The  coagu- 
lable  proteid  may  be  completely  precipitated  by  saturating];  with  ammo- 
nium sulphate  in  boilin?:  solution;  but  accordin'j;  to  Devoto  ^  small  quan- 
tities of  proteose  may  be  formed  from  the  proteid  by  heating  for  a  long 
time  with  the  salt.  On  heating  for  a  short  time  no  such  fonnation  of 
proteose  takes  place,  and  the  proteids  are  completely  coa^ijulated. 

For  these  reasons  Bang  *  has  suggested  the  following  method  for  the 
detection  of  proteoses  in  the  presence  of  coagulable  proteid.  The  urine  is 
heated  to  boiling  with  ammonium  sulphate  (8  parts  to  10  parts  urine) 
and  boiled  for  a  few  seconds.  The  hot  liquid  is  centrifuged  for  Mo  1  min- 
ute and  separated  from  the  sediment.  The  urobilin  is  removed  from 
this  by  extraction  with  alcohol.  The  residue  is  suspended  in  a  little  water, 
heated  to  boiling,  filtered,  whereby  the  coagulable  proteid  is  retained  on 
the  filter,  and  any  urobilin  still  present  in  the  filtrate  is  shaken  out  with 
chloroform.  The  watery  solution,  after  removal  of  the  chlorofonn,  is 
used  for  the  biuret  test.  For  clinical  purposes  this  method  is  very  service- 
able. 

According  to  Salkowski  the  urine  treated  with  10  per  cent  hydrochloric 
acid  is  precipitated  with  phosphotungstic  acid,  then  warmed,  the  liquid 
decantecl  from  the  resin-like  precipitate,  this  washed  with  water,  and 
then  dissolved  in  a  little  water  with  the  aid  of  some  caustic  soda,  warmed 
again  until  the  blue  color  disappears,  cooled,  and  finally  tested  with  copper 

*  In  regard  to  the  literature  on  proteoses  and  peptones  in  urine,  see  Huppert- 
Neubauer,  Ham-Analyse,  10.  Aufl.,  406  to  492;  also  A.  Stoffregen,  Ueber  das  Vorkom- 
raen  von  Pepton  im  Ham,  Sputum  unci  Eiter  (Inaug.-Diss.,  Dorpat,  1891);  E.  Hirsch- 
feidt,  Ein  Beitrag  zur  Frage  der  Peptonurie  (Inaug.-Diss.,  Dorpat,  1892);  and  espe- 
cially Stadelmann,  Untersuchungen  iiber  die  Peptonurie.  Wiesbaden,  1894;  Erhstrom, 
Bidrag  till  kiinnedomen  cm  Albumosurien,  Ilelsingfors,  1900;  Ito,  Deutsch.  Arch. 
f.  klin.  Med.,  71. 

'Salkowski,  Berlin,  klin.  Wochenschr.,  1897;  Stokvis,  Zeitschr.  f.  Biologic,  34. 

'  Zeitschr.  f.  physiol.  Chem.,  15. 

^Deutsch.  med.  Wochenschr.,  1898. 
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sulphate.  This  methml  has  been  recently  somewhat  modified  by  v,  Aldor 
and  Cehny/  In  regard  to  other  more  complicated  methods  we  refer  to 
Huppert-Neubauer. 

If  the  proteoses  have  been  precipitated  from  a  larger  portion  of 
by  amoioiduni  stilphate,  tins  precipitate  is  tested  for  the  presence  of  dif-^ 
ferent  proteoses  iur  the  reasons  given  in  Chapter  11,     The  foUo^iing  senes 
as  a  preliinmary  detennination  of  the  character  of  the  pittteoses  present 
in  the  urine.     If  the  urine  contains  only  deuteroproteose  it  does  not  become 
cloudy  on  boiling,  tloes  not  i^ve  Hfxlkr's  test,  does  not  become  cloudy 
on  saturating  with  NaCl  in  neutral  reaction,  but  does  become  turbid  on 
adding  acetic  acid  saturated  with  this  salt.     In  the  presence  of  only  prolo- 
prote«>se  the  urine  gives  Heller's  test,   is  precipitated  even   in  neutral 
solution  ou  saturating  with  \aCl,  but  does  not  coiigidate  on  boiling.    The 
presence  r>f  heteroproteose  is  shown  by  the  urine  Ijchaving  Hke  the  above 
with  NaCl  and  nitric  acid,  but  shows  a  difference  on  lieating.     It  gradually 
becomes  cloudy  on  wanning  and  separates  at  about  60^  C.  a  sticky  precipi- 
tate which  att4iehes  it*self  to  the  sidcis  of  the  vess<_'l  and  which  dissolves  at 
boiling  temperature  on  acidifjing  the  urine;  the  precipitate  reappears  aa 
cooUng, 

In  close  relation  to  the  proteoses  stands  the  so-called  Bes*ce-*Ioxes 
proteid,  which  occurs  in  the  urine  in  rare  cases  in  disease  with  changes  in 
the  s|jinal-marrow.  It  gives  a  precipitate  on  Jieatintr  to  40-60^  C  which  on 
further  heating  tu  boiling  dissolves  again  more  or  less  completely,  depending 
upon  the  reaction  and  upon  the  amount  of  salt  present.  It  does  not  sepa- 
rate on  dialysis,  but  can  be  preci[>itatal  from  the  urine  by  double  the 
volume  of  a  saturated  animoiituni-snlphate  solution  or  by  aleohoh  It 
ha.s  also  been  obtained  as  cr>^stals  ((Jruttkiunk  ami  de  Graaff,  Magnus- 
Li^'Y  ^).  This  hody  shows  a  somewhat  different  Ijehainor  in  the  various 
cases  in  which  it  has  been  found  and  its  nature  has  unt  l)een  exi)lainefb 

Quanlilatwe  Estumtiton  of  Froteid  In  Urine,  Of  all  the  methtxls  pro- 
posed thus  far,  the  roAfJiTLATinx  mi:thod  {boiling  with  the  addition  of 
a<:etic  acid)  when  perfr>rnietl  with  sufficient  care  ijives  the  brat  results. 
The  average  error  neetl  never  amount  to  more  than  0,01  per  cent,  and  it 
is  generally  smaller.  In  using  this  method  it  is  l^est  to  linst  find  ho%v  much 
acetic  acid  must  be  added  to  a  small  pt>rtion  of  the  urine,  which  lias  been 
j)revionsly  heatol  on  the  water-bath,  to  completely  separate  the  proteid  so 
tliat  the  filtrate  dfjes  not  respond  by  Hi:Ln:jt*s  test*  Then  coagulate 
20-50-100  c,  c.  of  the  urine.  Pour  the  urine  into  a  beaker  and  heat  on 
the  water-bath,  adil  the  re(juireil  quantity  of  acetic  acid  slowly,  stirring 
constantly,  and  heat  at  the  same  time.  Filter  while  warm,  wash  first  with 
water ^  then  with  alcohol  and  ether,  dry  and  weigh,  incinerate  and  weigh 
again.     In  exact  determi nations  the  filtrate  must  not  give  Hkller's  test 

The  separate  estimation  of  glouulixs  and  albumixs  is  d*me  by  care- 
fully neutralizing  the  urine  and  precipitating  with  i\IgSO(  added  to  satura- 
tion (IIammakstkn),  or  sitn|)ly  by  adding  an  ec|ual  volume  of  a  saturateil 
neutral  sr»liiti<in  of  ammonium  sulphate  (Hofmkister  and  Pohl*).    The 


*  Salkowski,  Ceiitralbl.  f.  d.  med,  WiseenscL,  1894;  v.  Aldor,  Bed  klin.  Wocheoschr., 
88;  Cemy,  Zeitschr.  f.  aaalyt.  Chcm.,  40. 

' Magnufl^Levy,  Zeitschr.  f.  physiol.  Chem,,  30  (literature);    Grutterink  and  d«s 
Graaff,  ibid,,  U. 

*  Hammareten,  Fflugef 's  Arch.,  17 ;   Hofmeister  and  Pohl,  Arch.  L  exp.  Path,  u. 
Phunn,,  m 
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precipitate  consisting  of  globulin  is  thoroughly  washed  with  a  saturated 
mafTiesium-sulphate  or  half-saturated  ammonium-sulphate  solution,  dried 
continuously  at  110°  C.,  boiled  with  water,  extracted  with  alcohol  and 
ether,  then  dried,  weighed,  incinerated,  and  weighed  again.  The  quan- 
tity of  dbumin  is  calculated  as  the  difiference  bet\veen  the  quantity  of 
globulin  and  the  total  proteids. 

Approximate  Estimation  of  Protcid  in  Urine.  Of  the  methods  sug- 
gested for  this  purpose  none  has  been  more  extensively  employeil  than 

liSBACH  'S. 

EsBACH  's  *  Method,  The  acidified  urine  (with  acetic  acid)  is  poured 
into  a  specially  graduated  tube  to  a  certain  mark,  and  then  the 
reagent  (a  2  per  cent  citric-acid  and  1  per  cent  picric-acid  solution  in  water) 
is  added  to  a  second  mark,  the  tube  closed  with  a  rubber  stopper  and  care- 
fully shaken,  avoiding  the  production  of  froth.  The  tube  is  allowed  to 
stand  twenty-four  hours,  and  then  the  height  of  the  precipitate  on  the 
graduation  is  read  off.  The  reading  gives  directly  the  quantity  of 
proteid  in  1000  parts  of  the  urine.  Urines  rich  in  proteid  must  first  be 
diluted  with  water.  The  results  obtained  by  this  method  are,  however, 
dependent  upon  the  temperature;  and  a  difference  in  temperature  oi  5°  to 
6.5°  C.  may  cause  an  error  of  0.2-0.3  per  cent  deficiency  or  excess  in  urines 
containing  a  medium  quantity  of  proteid  (Chmstkxsex  and  Mygce  ^). 
This  method  is  only  to  be  used  in  a  room  in  which  the  temperature  may  l)e 
kept  nearly  constant.    The  directions  for  its  use  accompany  the  apparatus. 

Other  methods  for  the  approximate  estimation  of  proteid  are  the  optical 
methods  of  Christensen  and  Myoge,  of  Roberts  and  Stolnikow  as  modified 
by  Brandbero,  with  Heller's  test,  which  has  l)een  simplified  for  practical 
purposes  by  Mittelbacii  The  density  methods  of  Lan(;,  Huppert  and  Zahor 
are  also  very  good.  In  regard  to  these  and  other  methods  we  refer  to  IIuppert- 
Neubauer's  Harn-Analyse,  10.  Aufl. 

There  is  at  present  no  trustworthy  method  for  the  quantitative  estimation 
of  proteoses  and  peptone  in  the  urine. 

Nucleoalbumin  and  Mucin.  According  to  K.  Morxer  traces  of  urinary 
mucoids  may  pass  into  solution  in  the  urine;  otherwise  normal  urine 
contains  no  mucin.  There  is  no  doubt  that  there  may  be  cases  where  true 
mucin  appears  in  the  urine;  in  most  cases  mucin  has  j)robably  been  mis- 
taken for  so-calle<l  nucleoalbumin.  The  occurrence,  under  some  circum- 
stances, of  nucleoalbumhi  in  the  urine  is  not  to  be  denied,  as  such  substances 
occur  in  the  renal  and  urinary-  passages;  still  in  most  cases  this  nucleo- 
albumin, as  shown  by  K.  Mokxkr,'  is  of  an  entirely  different  kind. 

Every  urine,  according  to  Morxer,  contains  a  little  protcid  and  in 
addition  substances  precipitating  proteid.  If  the  urine  freed  from  salts  by 
dialysis  is  shaken  with  chloroform  after  the  addition  of  1-2  p.  m.  acetic 
acid,  a  precipitate  is  obtained  which  acts  like  a  nucleoalbumin.  If  the 
acid  filtrate  is  treated  with  seralbumin,  a  new  and  similar  precipitate  is 

*  In  regard  to  the  literature  on  this  method  and  the  numerous  experiments  to  deter- 
mine its  value,  see  Huppert- Xeubauer,  10.  Aufl.,  853. 
'Christensen,  Virchow's  Arch.,  115. 
•Skand.  Arch.  f.  Phvsiol.,  6. 
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obtained  due  to  the  presence  of  a  residue  of  the  substance  which  precipi* 
tates  proteids.  The  most  important  of  these  proteid-precipitating  aub- 
stances  is  chondroitin-sulphuric  acid  and  nucleic  acid,  althoii«irh  the  latter 
appears  to  a  much  smaller  extent,  Taui-oeholic  acid  raay  in  a  few  instances, 
especially  in  icteric  urines^  be  preeipitateih  The  substances  isolated  hy 
different  investigators  from  urine  by  tbc  addition  of  acetic  acid  and  caiy 
'Missnlved  mucin''  or  " nucle<jalhmnin ^ *  are  consideretl  by  Morxer  tijbe 
a  combination  of  proteid  with  chondroitin-sulphuric  acid  chiefly,  and  bi  a 
lesJs  extent  with  nucleic  acid,  and  also  perhaps  with  taurf>cholic  acid. 

As  normal  urine  Imfjitually  contains  an  excej^s  of  substances  capable  of 
precipitating  proteids,  it  is  apparent  that  an  increased  elimination  of  sni- 
called  nucleoalbnnnn  may  be  caused  simply  by  an  augmented  excretion  of 
proteid.  This  happens  to  a  still  greater  extent  in  cases  where  the  proial 
as  well  as  the  proteiil-preeipitating  substance  is  eliminated  to  an  increased 
extent. 

Detection  of  so-called  Nuchmlhumius,  Wlien  a  urine  becomi^  cloudy 
or  precipitates  on  tlie  adrlititin  of  acetic  aci<b  and  when  it  g^ives  a  nu»w 
typical  reaction  with  Hr:LLi%n  'hi  test  after  the  dihition  of  the  urine  than  before, 
one  is  justified  in  making  tests  for  mucin  and  nucleoalbuniin.  As  the  salts 
of  the  urine  interfere  considerably  with  the  precijjitation  of  these  sub- 
stances  by  acetic  acid,  they  must  first  l>e  remo\'ed  by  dialysis.  As  large 
a  quantity  of  urine  as  possible  is  dialyztN.1  (with  the  additionof  chlon>forTn) 
until  the  salts  are  remo%'ed.  Then  acetic  acid  is  added  until  it  contains 
2  p.  OL*  ami  the  mixture  allowed  to  stand.  The  precipitate  is  dissrdve<l  in 
water  hy  the  aid  of  the  smallest  possible  quantity  of  alkali  and  precipitated 
airain.  In  testinji  fur  chondnutin-sulphuric  arid  a  part  is  warmeil  on  tlie 
w  ater-bat!i  with  abnut  5  per  cent  liydrochloric  acid.  If  positive  resiJts  are 
obtained  on  testiii*^  for  sulphuric  acid  and  a  reducinj^  substance,  then  chon- 
droproteid  was  present.  If  a  rwlucint?  substance  can  l>e  detected  but  no 
sulphuric  acid,  then  mucin  is  probably  there.  If  it  does  not  contain  any 
sulphuric  acid  or  re<lucin,£^  substance,  a  part  of  the  precipitate  is  exposed 
to  pepsin  diirestion  and  another  part  used  for  tlie  determination  of  any 
organic  phf>sphorus.  If  positive  results  are  oF)taine<l  from  these  tests* 
then  nucleoalbuniin  and  niicleoproteid  must  be  differentiated  by  S|>ecial 
tests  for  nuc'lein  bases.  No  positi^'e  conclusion  can  be  drawn  except 
by  using  very  large  quantities?  of  urine. 

NiirlcohiHon,  In  a  case  of  pseud. ile  c^emia  ,\,  Jolles  found  a  phosphoriaed 
proteiu  siih-Jtan(*e  which  he  (considers  as  identical  \vit!i  nut»Ieohiston,  Hilton  ii 
claimi'ii  io  have  been  found  in  sonic  cases  by  Krehl  :  nd  Matthes  aad  by  KouscB 
and  \U  RiAN,' 

Blood  and  Blood-coloring  Matters.  The  urine  may  contain  blood  from 
heriKd'rhatre  in  the  kichieys  (jr  other  parts  of  the  urinary  passages  (h.kma- 
TrniA).  In  thc^e  cases,  when  the  quantity  of  blotnl  is  not  ver^^  small,  the 
urine  is  more  or  less  cloudy  and  colored  reddish,  yellowish-red,  dirty  red^ 
brovnush-red,  or  dark  brown.     In  recent  hemorrha*''es,  in  which  the  blood 

*  JiI1p.^»  Bcr.  d.  douta^h,  chom  Cies<*llsch,*  3U;  Krehl  ami  Matthoi,  Deutsch.  Aj-cL 
/.  kiln,  Med.,  54;  KoUach  and  Ta\um\A.7^v\ae\«.  VVXwn..-^^*.  ,*^, 
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has  not  decomposed,  the  color  is  nearer  blood-red.  Blood-corpuscles  may 
be  foimd  in  the  sediment,  sometimes  also  blood-casts  and  smaller  or  larger 
blood-clots. 

In  certain  cases  the  urine  contains  no  blood-corpuscles,  but  only  dis- 
solved blood-coloring  matters,  haemoglobin,  or,  and  indeed  quite  often^ 
methaemoglobin  (h.emoglobinuria).  The  blood-pigments  appear  in  the 
urine  under  different  conditions,  as  in  dissolution  of  blood  in  poisoning  with 
arseniuretted  hydrogen,  chlorates,  etc.,  after  serious  burns,  after  trans- 
fusion of  blood,  and  also  in  the  periodic  appearance  of  haemoglobinuria 
with  fever.  In  haemoglobinuria  the  urine  may  also  have  an  abundant 
grayish-brown  sediment  rich  in  proteid  which  contains  the  remains  of  the 
stromata  of  the  red  blood-corpuscles.  In  animals  hiemoglobinuria  may 
be  produced  by  many  causes  which  force  free  hremoglobin  into  the  plasma. 

To  detect  blood  in  the  urine  we  make  use  of  the  microscope,  spectro- 
scope, the  guaiacum  test,  and  Heller's  or  Heller-Teichmaxn'.s  test. 

Microscopic  Investigation.  The  blood-corpuscles  may  remain  undis- 
solved for  a  long  time  in  acid  urine;  in  alkaline  urine,  on  the  contrary,  they 
are  easily  changed  and  dissolved.  They  often  appear  entirely  unchanged  in 
the  sediment;  in  some  cases  they  are  distended  and  in  others  unequally 
pointed  or  jagged  like  a  thorn-apple.  In  hemorrhage  of  the  kidneys  a 
cylindrical  clot  is  sometimes  found  in  the  sediment  which  is  covered  with 
numerous  red  blood-corpuscles,  forming  casts  of  the  urhiary  passages. 
These  formations  are  called  blood-casts. 

The  spectroscopic  investigation  is  naturally  of  ver}*^  great  value;  and  if 
it  be  necessary  to  determine  not  only  the  presence  but  also  the  kind  of 
coloring-matter,  this  method  is  indispensable.  In  regard  to  the  optical 
behavior  of  the  various  blood-pigments  we  must  refer  to  Chapter  VI. 

Guaiacum  Test.  Mix  in  a  test-tube  equal  volumes  of  tincture  of  guaia- 
cum and  old  turpentine  which  has  become  strongly  ozonized  by  the  action 
of  air  under  the  influence  of  light.  To  this  mixture,  which  must  not  have 
the  slightest  blue  color,  add  the  urine  to  be  tested.  In  the  presence  of  blood 
or  blood-pigments,  first  a  bluish-green  and  tlien  a  beautiful  blue  ring 
appears  where  tlie  two  liquids  meet.  On  sliaking  the  mixture  it  becomes 
more  or  less  blue.  Normal  urine  or  one  containing  ])rotcicl  does  not  give 
this  reaction.  For  the  explanation  of  this  we  must  refer  the  reader  to 
Chapter  VI,  page  169.  Urine  containing  pus,  although  no  blood  is  present, 
gives  a  blue  color  with  these  reagents;  but  in  this  case  the  tincture  of 
guaiacum  alone,  without  turpentine,  is  colored  blue  by  the  urine  (Vitali  ^), 
This  is  at  least  true  for  a  tincture  that  has  l^een  exposed  for  some  time 
to  the  action  of  air  and  sunlight.  The  blue  color  produced  by  pus  differs 
from  that  produced  by  blood-coloring  matters  by  disappearing  on  heating 
the  urine  to  boiling.  A  urine  alkaline  by  decomposition  must  first  be 
made  faintly  acid  before  performing  the  reaction.     The  turpentine  should 

*  See  Maly's  Jahresber.,  18. 
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be  kept  exposed  to  sunlight,  while  the  tincture  of  guaiacunti  nnist  be  kept 
m  a  dark  glass  bottle.  These  reagents  to  be  of  use  must  be  controlW 
by  a  h<[Uid  eontaining  blood.  This  test*  it  is  true,  with  positive  results  is 
not  aVisolutcly  decisive,  because  other  bodies  may  give  a  similar  reaction; 
but  when  properly  f>erformed  it  is  so  extremely  deheate  that  when  it  givea 
negative  resuhs  any  other  tfst  for  blood  is  superfluous. 

Hkllkh-Teichman.v's  Ted.     If  a  neutral  or  faintly  acid  urine  contain- 
ing blocd  Ls  heated  to  boiling^  one  always  obtains  a  mottled  precipitat*^ 
consisting  of  proteid  and  hrematin.     If  caustic  soda  is  added  to  the  i^ 
hot  test,  the  liqtud  becomes  clear  and  turns  gpeen  when  examineci  n 
layers  {i\\m  to  ha^matin  alkali),  and  a  red  precipitate,  appearing  greeu  tr, 
reflected  light,  re-fonus.  coasistiiig  of  earthy  jjhosi>liates    and  hiematm. 
This  reaction   is  ealleil   HKLLER^s  blnod-test.      If  tliis  precipitate  Ls  col- 
lectal   after  a  time  on  a  small  filter,  it  may  be  useil  for  the  h^emin  test 
(see  page  179).     If  the  precipitate  contains  only  a  little  blood-c*oloring  mat- 
ter with  a  larger  quantity  of  earthy  phnsphates,  then  wash  it  with  dilute 
acetic  acid,  which  diss<jlves  the  earthy  jihosphates,  ami  use  the  residue  for 
the  preparatinn  of  Tkichmanx's  hLemin  cr\'stals.     If,  on  the  eontrar>',  the 
annjuht  uf  phosphates  is  v^y  small,  then  first  add  a  little  CaCl^  solution  to 
the  urine,  heat  tu  boiling,  and  add  sitiuiUaneously  with  ^he  caustic  potash 
some  sodium-]! hosp hate  solnti^m.     In    the  presence  of  only    ver}-  small 
quantities  of  blood,  first  make  the  urine  ver>^  faintly  alkaline  %vith  am- 
nifvnia,  mid  tannic  acid,  acidify  with  acetic  acid,  and  use  this  precipitate  in 
the  preparation  of  the  hiemin  crystals  (8truve  *). 

Haematoporphyrin.    Since  the  occurrence  of  hs^matoporphyrin  in  the 

urine  in  various  diseases  has  been  made  ver>^  probable  by  several  investi- 
gators, such  as  Neusser,  Stokais,  MacMuxx,  Le  Nobel,  Russel,  Copi&- 
MAN,  and  others,'  Salkowskj  has  positively  shown  the  presence*  of  thig 
pi;:ment  in  the  uruie  iifter  sulplional  intoxication.  It  was  first  isolated 
in  a  pure  crj^stalline  state  hy  tL\MMARSTEN  ^  from  the  urine  of  insane 
women  after  sidphonal  intoxication.  According  to  Garrod  and  8aillet* 
traces  of  htematopnrphyriii  (Saillet's  urtjspectrin)  occur  regularly  in 
normal  urines.  It  is  also  found  in  the  urine  during  different  diseases, 
although  it  only  occurs  in  small  quantities.  It  has  been  found  in  consider- 
aLle  quantities  in  the  urine  after  the  lengthy  use  of  sulphonaL 

Urine  containing  ha^matoporphyriu  is  somethnes  only  slightly  colored, 
while  in  other  cases,  as  for  example  after  the  use  of  sulphonab  it  is  more  or 
less  deep  red.  The  color  depends  in  these  last-men tlone*!  cases,  in  grcatesst 
part,  not  upon  the  hirmatoporph}Tin,  but  upon  other  reil  or  reddish- 
brown  pi'-ments  w*hich  have  not  been  sufficiejitly  studied. 

*  Zeltacbr.  f.  anal*  Chem.,  IL 

*  A  very  complete  index  of  the  literature  on  h:ematoporphyrin  in  the  urine  may  be 
found  in  R.  Zoja,  Su  qualche  pigmeuto  di  alcune  urine,  etc,  in  Areh.  It,il.  dt,  din, 
Med.,  1891%. 

*  Salkowski,  Zeitschr.  f.  physioL  Chem.,  15:  Hammanit^ti,  Skand,  Arch,  f.  Physiol,  t 

*  Garrod,  Joum.  of  Ph>'siol.,  13  (contains  review  of  Literature)  aod  17;  SalUet, 
Ke\'ue  de  nu-decme,  Hi. 
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In  the  detection  of  small  quantities  of  hsematoporphyrin  proceed  as 
attested  by  Garrod.  Precipitate  the  urine  with  a  10  per  cent  caustic-soda 
solution  (2W  c.  c.  for  every  100  c.  c.  of  urine).  The  phosphate  precipitate 
containing  the  pigment  is  dissolved  in  alcohol-hydrochloric  acid  (15-20  c.  c.) 
and  the  solution  investigated  by  the  spectroscope.  In  more  exact  inves- 
tigations make  the  solution  alkaline  with  ammonia,  add  enough  acetic  acid 
to  dissolve  the  phosphate  precijiitate,  shake  with  chloroform,  which  takes 
up  the  pigment,  and  test  this  solution  with  the  spectroscope. 

In  the  presence  of  larger  quantities  of  haematoporphyrin  the  urine  is 
first  precipitated,  according  to  Salkowski,  \\ith  an  alkaline  barium- 
chloride  solution  (a  mixture  of  equal  volumes  of  barium-hydrate  solution, 
saturated  in  the  cold,  and  a  10  per  cent  barium-chloride  solution),  or,  accord- 
ing to  Hammarsten,^  with  a  barium-acetate  solution.  The  washed  pre- 
cipitate, which  contains  the  hamatoporphyrin,  is  allowed  to  stand  some 
time  at  the  temperature  of  the  room  with  alcohol  containing  hydrochloric 
or  sulphuric  acid  and  then  filtered.  The  filtrate  shows  the  characteristic 
spectrum  of  hapmatoporphyrin  in  acid  solution  and  gives  the  spectrum 
of  alkaline  haematoporphyrin  after  saturation  with  ammonia.  If  the 
alcoholic  solution  is  mixed  with  chloroform  and  a  large  quantity  of  water 
added  and  carefully  shaken,  sometimes  a  lower  layer  of  chloroform  is 
obtained  which  contains  very  pure  haematoporphyrin,  while  the  upper 
layer  of  alcohol  and  water  contains  the  other  pigments  besides  some  haema- 
toporphyrin. 

Other  methods  which  have  no  advantage  over  this  one  of  Garrod  have  been 
suggested  by  Riva  and  Zoja  as  well  as  Saillet.' 

Baumstark*  found  in  a  case  of  leprosy  two  characteristic  coloring-matters 
in  the  urine,  *  urorubrohjematin"  and  "  urofuscoluematin,"  which,  as  their  names 
indicate,  seem  to  stand  in  close  relationship  to  the  blood-coloring  matters.  Uro- 
rubrofuFtnatin,  CggHft^NgFejOje,  contains  iron  and  shows  in  acid  solution  an  absorp- 
tion-band in  front  of  D  and  a  broader  one  back  of  D.  In  alkaline  solution  it 
shows  four  bands — behind  D,  at  Ey  beyond  F,  and  behind  G.  It  is  not  soluble 
either  in  water,  alcohol «  ether,  or  chloroform.  It  gives  a  beautiful  brownish-red 
non-dichroitic  liquid  with  alkalies.  Urojiiscohcprnatinj  C'eyHjo^NgOjo,  which  is  free 
from  iron,  shows  no  characteristic  spectrum;  it  dissolves  in  alkalies,  producing 
a  brown  color.  It  remains  to  be  proved  whether  these  two  pigments  are  related 
to  (impure)  haematoporphyrin. 

Melanin.  In  the  presence  of  melanotic  cancers  dark  pigments  are  some- 
times eliminated  with  the  urine.  K.  Morner  has  isolated  two  pigments  from  such 
a  urine,  of  which  one  was  soluble  in  warm  50-75  per  cent  acetic  acid  and  the 
other,  on  the  contrary,  was  insoluble.  The  one  seemed  to  be  phymaiorhumn  (see 
Chapter  XVI).  Usually  the  urine  doe:j:  n -t  contain  any  melanin,  but  a  chromo- 
gen  of  melanin,  a  melanogen.  In  su(;h  caso^  the  urine  gives  Eislet's  reaction, 
becoming  da-k-colored  with  oxidizing  agents  such  as  concentrated  nitric  acid, 
p  /tassium  bichromate  and  sulphuric  acid,  as  well-  as  with  free  sulphuric  acid. 
Urine  containing  melanin  or  melanogen  is  colored  black  by  a  ferric-chloride 
soluton  (v.  Jaksch  *), 

Urorosein,  so  named  by  Nencki,*  is  a  urinary  coloring-matter   occurring  in 

•  Salkowski,  1.  c. ;   Hammarsten,  1.  c. 

'  Riva  and  Zoja,  Maly's  Jahresber.,  24;  Saillet,  1.  c.  See  also  Nebelthau,  Zeitschr. 
f.  physiol.  Chem.,  27. 

•  Pfliiger's  Arch.,  9. 

*K.  Momer,  Zeitschr.  f.  physiol.  C^hem.,  11;  v.  Jaksch,  ibid.,  13. 

•  Nencki  and  Sieber,  Joum.  f.  prakt  Chem.  (X.  F.),  26. 
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varioys  diseases,  but  which  is  not  a  constituent  of  normal  urine.  The  pigment 
does  not  occur  preformed  in  the  yrino,  but  first  makes  its  appearance  after  the 
addittiMi  of  mineral  acid%  It  is  readily  soluble  in  water,  dilute  mineral  aeids,  ethyl 
and  amyl  alcohol,  and  can  be  removed  from  the  acid  urine  by  shaking  with  the 
latter.  It  differs  from  indigo  red  in  the  folluwing:  Alkalies  inimediateiy  decolor- 
ize a  urorosein  solution,  but  not  an  indigo-red  solution.  Urorosein  is  removed 
from  its  amyl-alcohol  solution  by  shakijig  with  dilute  alkali »  while  indigo  red  h  not. 
If  the  acid  urine  is  shaken  with  chloroform ^  indigo  red  is  taken  up,  but  not  iiroro- 
Be  in.  Uroroscin  is  soon  decomposed  by  light  and  shows  a  sharply  defined  ab?iorp- 
tion-band  between  />  and  IC,  The  red  pigment  appearing  in  urines  rich  in  skato) 
after  the  addition  of  hydrochloric  acid  differs  from  urorosein  l>y  being  insoluble 
in  water,  but  readily  soluble  in  ether  txiul  chloroform.  The  statements  in 
regard  to  the  proi>erties  of  skatol  red  are  somewhat  di%'ergent  and  it  is  there* 
fore  difficult  to  state  a  positive  difference  between  urorosein  and  skatol  red. 

Pus  <iccurs  in  the  urine  in  different  iiiflamniator)^  aflfwtions,  especially 
in  catarrh  of  the  bladder  and  in  iiiflaninmtion  of  the  pelvis  of  the  kiJne\^ 
or  the  urethra. 

Pus  is  best  detected  by  means  <:»f  the  luicroseopc.  The  pusit-eells  are 
rather  ensily  destrf>yed  in  alkaline  urines.  In  detecting  pus  wc  make  use 
of  Donne's  pus  test,  which  is  performed  in  the  bdlowing  way:  Pour 
off  the  urine  from  the  se<linient  as  carefully  as  possible,  place  a  small  piece  of 
causti:*  alkali  on  tlie  sediment^  and  stir.  If  the  pus-eells  have  not  been 
pre\i'aisly  cLinged,  the  sediment  is  convcrtf^d  Iiy  this  means  into  a  sILmy 
tough  mass. 

The  pus-corpuselcs  swell  up  in  alkaline  urines »  dissolve,  or  at  least  are 
so  changwl  that  they  cannot  be  recognized  under  the  microscope.  The 
urine  in  these  cases  is  more  or  less  slimy  or  fibrous,  and  the  proteid  can  be 
preciititoted  in  large  Hakes  l>y  acetic  arid,  so  that  it  might  possibly  bo  mis- 
taken for  mucin.  The  closer  investii^ation  of  the  precipitate  produced  by 
acetic  acid^  and  especially  the  app€*arancc  or  nnn-apjiearance  of  a  reducing 
substance  after  djuiiin'^  it  with  a  mineral  acid,  deuionstrates  the  nature  of 
the  precipitated  subst^iuce.     Urine  containing  pu:s  always  contains  proteid. 

Bile-acids.  The  reports  in  regard  to  the  occurrence  of  bile-acids  in  the 
urine  under  physiological  conditions  do  not  agree.  According  to  Dkagen- 
DORFF  and  HoxE  traces  of  bile- acids  occur  in  the  urine;  accori^ling  to 
Mackay  and  v.  Udranszky  and  K.  Morxer  ^  they  do  not.  Pathologically 
they  are  present  in  the  urine  in  hepatogenic  icterus,  although  not  invariably. 

Detection  of  Bile-^icids  in  the  Urine.  Pettenkofer 's  test  gives  the 
most  deidsive  reaction;  but  as  it  gives  similar  color  reactions  with  other 
bodies,  it  must  be  supplemented  by  the  spectroscnj>ie  investigation.  The 
direct  test  for  bile-acids  is  easily  ]xrfonued  after  the  addition  of  tracf*s  of 
bile  to  a  normal  urine.  But  the  direct  detection  in  a  colored  icteric  urine 
is  more  difhrult  and  gives  ver\^  mislea4:ling  results;  the  bile-acid  must  there- 
fore always  be  isolated  from  the  urine.  This  may  be  done  by  the  followiog 
method  ojf  Hnpi>K-SEVLKK,  which  is  slightly  modified  in  non-essential  points. 

Hoppe-Sevler's  MicxnoD.  Concentrate  the  urine  and  extract  the 
rc5^idtie  with  strong  alcohoL  The  filtrate  is  freed  from  alcohol  by  evap- 
oration and  then  precipitat<:*il  by  basic  lead  acetate  and  ammonia.     The 
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washed  precipitate  is  treated  with  boiling  alcohol,  filtered  hot,  the  filtrate 
treated  with  a  few  drops  of  soda  solution,  and  evaporated  to  drj'ness.  The 
diy  residue  is  extracted  with  absolute  alcohol,  filtered,  and  an  excess  of 
ether  added.  The  amorphous  or,  after  a  longer  time,  cr\'stalline  precipi- 
tate consisting  of  the  alkali  salts  of  the  biliary  acids  is  used  in  performing 
Pettenkofer's  test. 

Hatcbaft  has  suggested  a  reaction  for  clinical  purposes  which  consists  in 
^nkling  flowers  of  sulphur  upon  the  urine.  In  icteric  urine  the  powder  quickly 
sinks  to  the  bottom,  while  in  normal  urine  it  remains  on  the  surface.  The  value 
of  this  test  is  still  questioned. 

Bile-pigments  occur  in  the  urine  in  different  forms  of  ictcnis.  A 
urine  containing  bile-j^igments  is  always  abnormally  colored — yellow, 
yellowish  brown,  deep  brovMi,  greenish  yellow,  greenlsli  brown,  or  nearly 
pure  green.  On  shaking  it  froths  and  the  bubbles  are  yellow  or  yellowish 
green  in  color.  As  a  rule  icteric  urine  is  somewhat  cloudy,  and  the  sedi- 
ment is  frequently,  especially  when  it  contains  epithelium-celLs,  rather 
strongly  colored  by  the  bile-pigments.  In  regard  to  the  occurrence  of 
urobilin  in  icteric  urine  see  p.  517. 

Detection  of  Bile-coloring  Matters  in  Urine,  Many  tests  have  been  pro- 
posed for  the  detection  of  these  substances.  Ordinarily  we  obtain  the 
best  results  either  with  Gmelin's  or  \nth  Huppert's  test. 

Gmelin's  test  may  be  applied  directly  to  the  urine;  but  it  is  bettor  to 
use  Rosenbach's  modification.  Filter  the  urine  through  a  very  small  filter, 
which  becomes  deeply  colored  from  the  retained  epithelium-cells  and  bodies 
of  that  nature.  After  the  Uquid  has  entirely  passed  through  apply  to  the 
inside  of  the  filter  a  dmp  of  nitric  acid  which  contains  only  very  little 
nitrous  acid.  A  pale-yellow  spot  will  be  formed  which  Is  surrounded  by 
colored  rings  which  appear  yellowish  red,  violet,  bhie,  and  green  from 
within  outward.  Tills  modification  is  ver>-  delicate,  and  it  is  hardly  i)()ssi- 
ble  to  mistake  indican  and  other  coloring-masters  for  the  bile-pigments. 
Several  other  modifications  of  Gmelix^s  direct  test,  e.g.,  with  concentrated 
sulphuric  acid,  nitrate,  etc.,  have  been  proposed,  but  they  are  neither 
simpler  nor  more  delicate  than  Rosenbach's  modification. 

Huppert's  Reaction,  In  a  dark-colored  urine  or  owo  rich  in  indican 
good  results  are  not  always  obtained  with  Omelix\s  test.  In  such  ciises, 
as  also  in  urines  containing  blood-coloring  matters  at  the  same  time,  the 
urine  is  treated  with  lime-water,  or  first  with  some  CaCU  solution,  and  then 
with  a  solution  of  so<la  or  ammonium  carbonate.  The  preci])itate  which 
contains  the  bile-coloring  matters  is  filtered,  washed,  dissolved  in  alcohol 
which  contains  5  c.  c.  of  concentrated  hydrochloric  acid  in  100  c.  c.  (I.  Muxk), 
and  heated  to  boiling  when  the  solution  becomes  green  or  bluish  green. 
According  to  Nakayama  *  this  reaction  is  more  delicate  on  using  a  mix- 
ture of  ferric  chloride,  acid,  and  alcohol. 

Hammarsten's  Reaction.  For  ordinary  cases  it  is  sufficient  to  add  a  few 
drops  of  urine  to  about  2-3  c.  c.  of  the  reagent  (see  pa^'-e  271),  when  the 

^Munk,  Du  Boi&-Re)rmond'8  Arch..  1898;  Xakavama.  Zoitsrhr  f  physiol.  Chem., 
<6. 
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mixture  immediately  aft^er  shaking  turns  a  beautiful  green  or  bluish  i 
which  color  remains  for  neveral  days.  In  tlie  ]>resence  of  only  ven^ 
quantiti^  of  bile-pigments,  especially  when  blood  or  other  pigmenta 
6imiiltanc<iriisly  present^  pour  about  10  c.  e,  of  the  acid  or  nearly  naitn 
(not  alkaline)  urine  mto  the  tul>e  of  a  small  centrifugal  machine  and  addl 
BaClj  solution  and  centrifuge  for  about  one  minute.  Tlie  liquid  is  decanted 
off  and  the  sediment  stirred  with  about  1  c.  c.  of  the  reagent  and  reatri- 
fuged  again,  A  beautiful  green  Bolulion  Ls  obtained,  which  may  be  changed 
by  the  addition  of  increased  quantities  of  tlie  acid  mixture  to  blue,  violet, 
red,  and  reddish  yellow.  The  green  color  may  be  obtained  in  thepres^ence 
of  1  part  bik^i>ignient  in  500,b(K;i^l,(MlO,(K»0  ]>art.s  urine.  In  the  pree-ence 
of  large  amounts  of  other  pigments  calcium  chloride  is  better  suited  than 
barium  chkiride. 

BouMA*  has  suggested  the  use  of   alcohol   containing  ferric  chloride 
and  hydrochloric  acid  instead  of  the  above-mentioned  acid  mLvture. 

The  very  delicate  reaction  as  suggested  by  Jolles  is  unfortunately  not 
serviceable  on  ae<;ount  of  the  formation  of  froth,  especially  in  the  presence 
of  proleid  and  blood-pigments ;  but  he  has  changed  it  by  centrifuging  the 
urine  with  chloroform  and  barium  chloride  and  suspending  the  chloroform- 
bariimi  residue  in  alcohol;  after  which  he  treats  it  with  a  solution  of  io<Jine 
and  mercuric  chloride  in  alcohnl  enntainuig  hydrochloric  acid.*  The  color 
becomes  green  or  l)liu,sh  green.     Tliis  test  seems  to  be  good. 

Stukvis's  Ttadioti  is  esjmcially  vahial>k*  as  a  contnd  test  in  those  cases 
in  wliich  the  urine  eontainjs  only  very  little  bile-cok)ring  matter  together 
with  larger  quantities  of  other  coloring-matters*  The  test  is  performed 
as  follows:  20-30  c.  c.  of  urine  Is  treateci  with  5^10  c»  c*  of  a  solution  of  zinc 
acetate  (1:5).  Tlie  precipitate  is  waslied  on  a  small  filter  whh  water  and 
tlieu  dissolved  in  a  httle  annoonia.  The  new  filtrate  gives,  either  directly 
or  after  it  has  stood  a  short,  time  in  the  air  until  it  has  a  peeuliar  bn>wTiish- 
green  coUir,  the  absoqvtion-bands  of  bilicyaiun  (see  page  272),  Tlus  reac- 
tion is  mifortunately  not  sufficiently  delicate. 

Many  other  reactions  for  bile-coloring  matters  in  the  urine  have  been 
pro|K)sed;  but  as  tluise  above  mentioned  are  sufficient,  it  is  periiajTS  only 
necessary'  to  give  here  a  few  of  the  other  reactions  without  entering  into 
details. 


Smith  *a  Reaction,  Pour  carefully  over  the  urine  some  tincture  of  iodine, 
whereby  a  green  ring  appears  between  the  two  liquids.  The  urine  may  also  be 
s!  akerj  with  the  tincture  of  iwline  until  it  \ms  a  green  color, 

Ehruch 's  Test.  First  mix  the  urine  with  an  equal  volume  of  dilute  acetic 
acid  and  then  add  drop  by  dro[j  a  solution  f*f  sulnhodias^obcnzene.  The  acid 
mixture  Ijecomes  dark  red  in  tlic  presence  of  biUruhin,  and  this  color  becomes 
bluii^b-violet  on  the  addition  of  glacial  acetic  acid.  The  sulphodiazotjenzene  is  pre- 
pared by  mixing  1  gram  of  sui]>hanilic  nrkh  15  c.  c.  of  hydrochloric  acid,  and  0.1  gram 
of  sfxlium  nitrite;  this  solution  is  diluted  to  1  liter  \rith  water.  This  te.st  is  not 
successful  and  posil ive  wlien  directly  applied  if  the  urine  is  rich  in  other  pigment*. 

MEDictNAi.  roLORiNG-MATTERS  produced  from  santonin,  rhubarb,  senna,  etc., 
may  gi%T  an  ahnonnal  color  to  the  urine  and  may  be  mistaken  for  bile-pigments, 
or,  in  alkaline  urines,  j>erhftps  for  blood -eoloring  matters.  If  hydrochloric  acia 
is  added  to  such  a  urine,  it  becomes  j^ellow  or  j^mle  yellow,  while  on  the  addi- 
tion of  an  excess  of  alkali  it  takes  on  a  more  or  less  beautiful  red  color. 

'  Deutsch,  med    Wochenschr  ,  1902. 
'  Deutsch.  ktv\\  i  \fX\w.  Med..  78 
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Sugar  in  Urine. 

The  occurrence  of  traces  of  dextrose  in  the  urine  of  perfectly  healthy 
persons  has  been,  as  above  stated  (page  521),  quite  positively  proved.  If 
mgar  appears  in  the  urine  in  constant  and  especially  in  large  quantities,  it 
must  be  considered  as  an  abnormal  constituent.  In  a  previous  chapter 
several  of  the  principal  causes  of  glycosuria  in  man  and  animals  were 
mentioned,  and  the  reader  is  referred  to  Chapters  VIII  and  IX  for  the 
€i5scntial  facts  in  regard  to  the  appearance  of  sugar  in  the  urine. 

In  man  the  appearance  of  dextrose  in  the  urine  has  been  observcfl  under 
various  pathological  conditions,  such  as  lesions  of  the  brain  and  especially 
of  the  medulla  oblongata,  abnormal  circulation  in  the  abdomen,  diseases 
of  the  heart,  lungs,  and  liver,  cholera,  and  many  other  diseases.  Tlie 
cimtinued  presence  of  sugar  in  human  urine,  sometimes  in  very  consider- 
ate quantities,  occurs  in  diabetes  mellitus.  In  this  disease  there  may 
1)0  an  elimination  of  1  kilogram  or  even  more  of  dextrose  per  day.  In 
the  bojcinning  of  the  disease,  when  the  quantity  of  sugar  Is  still  ven'  small, 
tlio  urine  often  does  not  appear  abnonnal.  In  the  more  developed,  ty])ical 
cases  the  quantity  of  urine  voided  increases  considerably,  to  3-6-10  liters 
per  (lay.  The  percentage  of  the  physiological  constituents  is  as  a  nde  ver}^ 
l"v.',  while  their  absolute  daily  quantity  Is  increased.  The  urine  is  pale, 
but  of  a  high  specific  gravity,  1.030-1.040  or  even  higher.  Tlie  high  spe- 
cific gravity  depends  upon  the  quantity  of  sugar  ]>resent,  which  varies 
in  different  cases,  but  may  reach  10  per  cent.  Tlie  urine  Is  therefore 
characterized  in  typical  cases  of  diabetes  by  the  ver>'  large  quantity  voided, 
by  the  pale  color  and  high  specific  gravity,  and  by  its  containing  sugar. 

That  the  urine  after  the  introduction  into  the  system  of  certain  medic- 
inal agents  or  poisonous  bodies  contains  reducing  substances,  conjugated 
glucuronic  acids,  which  may  be  mistaken  for  sugar,  has  already  been  men- 
tioned. 

The  properties  and  reactioas  of  dextrose  have  been  considered  in  a  pre- 
vious chapter,  and  it  remains  but  to  mention  the  methods  of  detection  and 
quantitative  determination  of  dextrose  in  the  urine. 

The  detection  of  sugar  in  the  urine  Is  ordinarily,  in  the  presence  of  not 
too  small  quantities,  a  very  simple  task.  The  presence  of  only  very  small 
quantities  may  make  its  detection  sometimes  very  difhcult  and  laborious. 
A  urine  containing  proteid  must  first  have  the  protcid  removed  by  coagu- 
lation with  acetic  acid  and  heat  before  it  can  be  tested  for  sugar. 

The  tests  which  are  most  frecjuently  ertiployed  and  are  especially  recom- 
mended are  as  follows : 

Trommer's  TcM,  In  a  typical  diabetic  urine  or  one  rich  in  sugar  this 
test  succeeds  well,  and  it  may  be  ]>orforme(l  in  the  manner  suggested  on 
page  94.  This  test  may  lead  to  very  great  mistakes  in  urines  ]>oor  in  sugar, 
especially  when  they  have  at  the  same  time  noniial  or  increased  amounts  of 
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mixture  immediately  after  shaking  turns  a  beautiful  green  or  bluish  grm, 
which  color  remains  fur  several  days.     In  the  presence  of  only  ven^  gmall 
quantities  of  bile-pigment^,  especially  wlien  blood  or  other  pigment  are 
simultaneously  prt^ent^  pour  about  10  c.  c,  of  t!io  acid  or  oearly  neutnd 
(not  alkaline)  urine  h)to  the  tube  of  a  small  centrifugal  machine  and  add 
BaClj  solution  and  centrifuge  for  about  one  minute.     The  liquid  is  dec&ntied 
off  and  the  setUment  stirred  with  about  1  c.  c.  of  the  reagent  and  centri- 
fugcil  again.     A  beautiful  green  solution  Is  obtained,  %vhich  may  be  changed 
by  the  addition  of  increased  quantities  of  the  acid  mixture  to  blue,  violet, 
red,  and  re^ldish  yellow.     The  green  color  may  be  obtained  in  the  presence 
of  1  part  bile-i>ignient  in  500 ,000"  1,000,000  parts  urine.     In  tlie  pre5^etlce 
of  large  amounts  of  other  pigments  calcium  chloride  is  better  suited  than 
barium  chloride. 

BoUMA '  fias  suggested  the  use  of  alcohol  containing  ferric  chloride 
and  hydrnchloric  acid  instead  of  the  above-men tionc<l  acid  mixture. 

Tlie  very  delicate  reaction  as  suggested  by  Jolles  is  imfortunatehr  not 
sendceable  on  account  of  the  formation  of  frotli,  especialh'  in  the  preF^encc 
of  proteid  and  l>Iood-pigment-s;  but  he  has  changed  it  by  centrifuging  the 
urine  with  chlnmh^rm  and  barium  chloride  and  suspending  the  chloroform- 
barium  residue  in  alcohol;  after  which  lie  treats  it  with  a  solution  of  iodine 
and  mercuric  chloritle  in  alcohol  containing  hydrochloric  acid.^  The  color 
becomes  green  or  Iduish  green .     This  test  seems  to  l>e  good. 

Stokvis's  readian  Ls  especially  valuable  as  a  control  test  in  those  cases 
in  which  tlie  urine  contains  only  ver}'  little  bile-coloring  matter  together 
with  iarger  quantities  of  other  coloring-matters,  Ttie  test  is  performed 
as  follows:  20-30  c.  c.  of  urine  is  treated  with  5-10  e.  c.  of  a  solution  of  zinc 
acetate  (1:5).  The  precipitate  is  washe<l  on  a  small  filtcT  with  water  and 
then  dissolveil  in  a  little  anuuonia.  Tlie  new  fihrate  gives»  either  directly 
or  after  it  has  stood  a  short  time  in  the  air  until  it  has  a  peculiar  hrnwTiish- 
green  color^  the  absori)tion-bands  of  bilicyanin  (see  page  272).  ITiis  reac- 
tion is  imforlnnately  not  sufficiently  delicate. 

^lany  other  reactions  for  biloeoloring  matters  in  the  urine  have  beeo 
proi>i>sed;  but  as  those  above  mentioned  are  sufficient,  it  is  perhaj3s  only 
neccssar}^  to  give  here  a  few  of  the  other  reactions  without  entering  into 
details. 


Smith's  Reaction.  Pour  carefully  over  the  urine  some  tincture  of  iodine* 
whereby  a  green  ring  appears  between  the  two  liquids.  The  urine  may  also  be 
si  iikcn  with  the  tiiK'ture  of  iodine  until  it  hris  a  green  color. 

Ehhlich'S  Tist,  First  mix  the  urine  with  an  eL|yal  volume  of  dilute  acetic 
acid  and  then  add  dro{)  by  drop  a  solution  of  su![»hodiazobenzene,  I'he  acid 
mixture  Ijeromea  dark  red  in  the  prcsi^nre  of  biliru1)iii,  and  this  c<:»lor  becomes 
bluish-violet  on  the  addition  of  p:kcial  acetic  arid.  The  sulphodiazobenrene  is  pre- 
pared hy  mixinjDT  1  ^am  of  sulphanilir  acid,  15  c,  c*  of  hydrorhlorir  acid,  and  OJ  gram 
of  sod ii nil  nitrite:  this  Pollution  is  diluted  to  1  liter  with  water.  This  test  is  not 
Rticcessftil  and  positive  when  directly  apj>lied  if  the  urine  is  rirh  in  other  pipments* 

MEnirrxAL  coi.orixo-matters  produeed  from  santonin,  rhubarb,  senna,  etc*, 
may  give  an  abnormal  color  to  tlie  urine  and  maybe  mistaken  for  bile-pi^ienU. 
or/in  alkaline  urines,  [lerhaps  for  hlood-eoloring  matters.  If  hydrorhloric  acia 
m  added  to  such  a  urine,  it  beeomes  yellow  or  pale  yellow,  while  on  the  addi* 
tion  of  an  excess  of  filkali  it  takeg  on  a  more  or  less  l)eautifyl  red  color* 


*  Deiitsch.  m^d. 

*  Deutsch,  Arrh 


Wnchpn.-^hr ,   HH»2. 
f    kliii.  Med  ,  7S 
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Sugar  in  Urine. 

The  occurrence  of  traces  of  dextrose  in  the  urine  of  perfectly  healthy 
persons  has  been,  as  above  stated  (page  521),  quite  positively  proved.  If 
sugar  appears  in  the  urine  in  constant  and  especially  in  large  quantities,  it 
must  be  considered  as  an  abnormal  constituent.  In  a  previous  chapter 
several  of  the  principal  causes  of  glycosuria  in  man  and  animak  were 
mentioncil,  and  the  reader  is  referred  to  Chapters  \1II  and  IX  for  the 
essential  facts  in  regard  to  the  appearance  of  sugar  in  the  urine. 

In  man  the  appearance  of  dextrose  in  the  urine  has  been  observed  under 
various  pathological  conditions,  such  as  lesions  of  the  brain  and  especially 
of  the  medulla  oblongata,  abnormal  circulation  in  the  abdomen,  diseases 
of  the  heart,  lungs,  and  liver,  cholera,  and  many  other  diseases.  The 
continued  presence  of  sugar  in  human  urine,  sometimes  in  very  consider- 
able quantities,  occurs  in  diabetes  mellitus.  In  this  disease  there  may 
bo  an  elimination  of  1  kilogram  or  even  more  of  dextrose  per  day.  In 
t!ic  beginning  of  the  disease,  when  the  quantity  of  sugar  is  still  very  small, 
the  urine  often  does  not  appear  abnormal.  In  the  more  developed,  typical 
oases  the  quantity  of  urine  voided  increases  considerably,  to  3-6-10  liters 
per  day.  The  percentage  of  the  physiological  constituents  is  as  a  rule  very 
lov/,  while  their  absolute  daily  quantity  Is  increased.  The  urine  is  pale, 
but  of  a  high  specific  gravity,  1.030-1.040  or  even  higher.  The  high  spe- 
cific gravity  depends  upon  the  quantity  of  sugar  present,  which  varies 
in  different  cases,  but  may  reach  10  per  cent.  Tlie  urine  is  therefore 
cliaracterized  in  typical  cases  of  diabetes  by  the  very  large  quantity  voided, 
by  the  pale  color  and  high  specific  gravity,  and  by  its  containing  sugar. 

That  the  urine  after  the  introduction  into  the  system  of  certain  medic- 
inal agents  or  poisonous  bodies  contaias  reducing  substances,  conjugated 
glucuronic  acids,  which  may  be  mistaken  for  sugar,  has  already  been  men- 
tioned. 

The  properties  and  reactions  of  dextrose  have  been  considered  in  a  pre- 
vious chapter,  and  it  remains  but  to  mention  the  methods  of  detection  and 
quantitative  determination  of  dextrose  in  the  urine. 

The  detection  of  sugar  in  the  urine  is  ordinarily,  in  the  presence  of  not 
too  small  quantities,  a  very  simple  task.  The  presence  of  only  very  small 
quantities  may  make  its  detection  sometimes  ver>^  difficult  and  laborious. 
A  urine  containing  proteid  must  first  have  the  proteid  removed  by  coagu- 
lation with  acetic  acid  and  heat  before  it  can  be  tested  for  sugar. 

The  tests  which  are  most  frequently  efnployed  and  are  especially  recom- 
mended are  as  follows : 

Trommer's  Test,  In  a  tyj^ical  diabetic  urine  or  one  rich  in  sugar  this 
test  succeeds  well,  and  it  may  be  performed  in  the  manner  suggested  on 
page  94.  This  test  may  lead  to  yory  groat  mistakes  in  urines  ]ioor  in  sugar, 
especially  when  they  have  at  the  same  time  normal  or  increased  amounts  of 
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physiological  constituents,  and  therefore  it  cannot  be  recommended  b-^s* 
|ihysicians  or  to  persoas  inexiTerienced  in  such  work.     Normal  urine  cor3»^ 
tains  nKluciiig  siibstanf^es.  such  as  uric  acid,  creatinine,  and  others,  an^^ 
therefore  a  reduction  takes  place  in  all  urines  on  using  this  test.     A  sc[)ar^fc*^ 
tion  of  copper  suhoxide  does  not  generally  oeeur.  but  still  if  one  varies  th  ^ 
proportion  of  the  alkali  to  the  copper  sulphate  and  boiLs,  there  takes  plae^^ 
an  actual  separation  of  suV>oxide  in  normal  urines,  or  a  peculiar  yelloT^isk^ — 
red  hcjuid  due  to  finely  divided  cuprous  hydrate.     This  occurs  esi>eriall3k^^ 
on  the  addition  of  much  alkali  (jr  Um  nuich  co]>j3er  sulphate,  and  by  careless 
manipulation  the  iiiex|H*rienced  worker  may  therefore  sometimes  oblajim 
ap[>arcntly  jxisitive  results  in  a  nornuil  urine.     On  the  other  hand,  as  th^ 
urine   contains   suljstances,   such   as   creatinine   and   anunonia   (from   the' 
urea),  which  in  the  presence  of  only  a  little  sugar  may  keep  the  copper' 
sulmxide  in  solution,  tlie  investigator  may  easily  overlook  small  quantities 
of  sugar  tliat  may  be  present. 

Trommkr's  test  may  of  course  be  made  positive  and  usefid,  even  in  the 
presence  oi  very  small  amounts  of  sugar,  by  using  the  modifieation  sug- 
gestetl  by  W(jrm  Mi'llkr.  As  this  njodifieation  is  rather  eomplieateil 
and  re<iuires  much  |>ractice  and  exactness,  it  is  pn>bably  rarely  empioycd 
by  the  busy  physician.     The  folldwing  test  is  to  be  preferrcnl. 

Almi?:x's  bismufh  kst,  which  reeently  luis  het*n  incorrectly  called  XiXAN- 
der's  test,  is  j>erforrned  with  the  alkaline  bismutli  s(4ution  preparerl  as 
above  described  (page  94).  1  or  each  test  10  c,  c.  of  urine  is  taken  and 
treated  with  1  c.  c.  of  tlie  bismuth  :^r>hition  antl  boileil  for  a  few  minutes. 
In  the  j>resence  of  sugar  the  urine  bectmies  darker  yelkiw  or  yellouish 
brown.  Then  it  grows  darker,  cloudy,  dark  brown,  or  nearly  black,  and 
yion-transparent.  After  a  longer  or  shorter  time  a  black  deposit  appear?, 
the  supernatant  litpiifl  gradually  clears,  but  still  remains  eoloriHL  In  the 
presence  of  only  ver^'  little  su^ar  the  tcMst  does  not  become  black  or  dark 
bmwn,  but  simply  deeper  coloreil,  and  not  until  after  .some  time  is  there 
seen  on  the  upper  layer  of  the  phospliate  precipitate  a  dark  or  l)lack  layer 
(of  l>ismutlx?),  lu  tlie  presence  of  much  sugar  a  larger  amount  <ff  the 
reagent  may  lie  used  without  disa^l vantage.  In  a  urine  poor  in  sugar  only 
1  c,  c.  of  the  refigent  for  every  10  c.  c.  of  the  urine  must  be  employefl. 

This  test  shows  the  presence  of  0.5  p.  m,  sugar  in  the  urine.  The 
sources  of  error  which  interfere  in  Thommer's  test,  such  as  the  presence 
of  uric  acid  and  creatinuie,  entirely  disappear  here.  The  bismuth  test  is, 
besides,  more  easily  j>erfornied,  arid  it  is  therefore  to  l>e  recommendi^i  tn 
the  physician.  Small  quantities  i»f  pmteid  do  not  interfere  with  this  test; 
large  quantities  may  however  give  rise  to  an  error  liy  forming  liisnmth  sul- 
phide, and  therefore  it  is  better  to  remove  the  p  oteid  by  coagidation. 

In  using  this  method  it  must  not  be  overlnokei!  that  it  is,  hke  Tn**M- 
MER^s  test,  a  reduction  tc*st,  and  consecpiently  may  show,  besitles  s^ifar, 
certain  other  rc^lucing  substances.  Such  bodies  are  various  conju^atel 
glucun»nic  acids  which  may  appear  in  the  urine.  Positive  results  have 
been  obtained  ^\ith  the  bismuth  test  on  the  urine  after  the  use  of  seven-1 
mechcinal  figents,  such  as  rhubarb,  senna,  antijiyrine,  kairin,  salol,  turi>riw 
tine,  and  otliers.  From  this  it  follows  that  we  should  nev'er  be  satisfied 
with  this  test  alone,  especially  when  the  re^luction  is  not  very  great.  When 
this  test  gives  negative  results  the  urine  ran  be  considered  from  a  cliiucal 
standpoint  a*s  free  from  sugar,  and  when  it  gives  positive  results  other  testi 
must  be  applied.     Among  these  live  £erm.(iutatvorL  test  is  of  social  value. 
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Fermentation  Test,  On  using  this  test  the  process  must  vary  accord- 
ing as  the  bismuth  test  shows  small  or  large  quantities.  If  a  rather 
©tmng  reduction  is  obtained,  the  urine  may  be  treaterl  with  yeast  and  the 
Tfjresenee  of  sugar  dctermine<l  by  the  generation  of  carbr>n  dioxide.  In 
thii  case  the  acid  urine,  or  that  faiiitly  acidified  with  tartarie  acid,  is 
treated  with  yeast  which  ha.^  previously  been  washed  by  decantation  with 
water.  Pour  this  urine  to  which  the  yeast  has  been  added  into  a  SiimtJT- 
TEB*s  gas-burette,  or  glass  tube  with  the  open  end  gmuml,  close  with  the 
thumb,  and  open  under  the  surface  of  mercury'  containe<l  in  a  dish.  As 
the  fermentation  pruceeds^  the  carbon  dioxide  collects  in  the  upi>er  part  of 
the  tul>e.  while  a  corresjjonding  quantity  of  hquitl  is  expellefi  below.  As 
a  control  in  tills  case  two  simihir  tests  must  be  made,  one  with  normal 
urine  and  yeast  to  leam  the  quantity  of  gas  usually  developed,  and  the 
other  with  a  sugar  solution  and  yeast  to  detennine  the  activity  of 
the  yeast. 

If,  on  the  contrar>%  only  a  faint  reduction  %vith  the  bismuth  test  Is 
found,  no  ]>ositive  cfiiichision  can  be  ilrawn  from  t!ie  absence  of  any  carbon 
dioxide  or  the  appearance  of  a  very  insignificant  quantity*  The  urine 
absorbs  considerable  amomits  of  carl>oa  dioxi^le,  and  in  the  presence  of 
only  small  amr>unts  of  sugar  the  fermentation  test  as  above  per- 
formed may  lead  to  negative  or  inaccurate  results.  In  this  case  proceed 
in  the  ff>llowing  way:  Treat  the  acid  uririe,  or  the  urine  winch  has  been 
faintly  acidified  with  tartaric  acid,  with  yeast  whose  activity  has  been 
testa i  l>y  a  special  test  on  a  sugar  solution,  and  allow  it  to  stand  24-48 
hours  at  the  temjierature  of  the  room,  or,  better,  at  a  little  higher  tem- 
perature. Tlien  test  again  with  the  bismuth  test,  and  if  the  reaction 
now  gives  negative  results,  then  sugar  was  previously  present.  But  if  the 
reaction  continues  to  give  positive  results,  then  it  shows,  if  the  yeast  is 
active,  the  presence  of  other  reducing,  unfennentaide  substances.  There 
remains  of  course  the  pcjssibility  that  the  urine  also  contains  some  sugar 
besides  these  bodies.  This  possibility  may  be  determined  by  the  follow- 
ing test: 

Ph^nylh/draz':  c  Test.  Accoiding  to  v.  Jaksch  this  test  is  perfonned 
in  the  folhiwing  w^ay:  Add  in  a  test-tube  containing  8-10  c,  c.  of  the  urine 
two  knife-points  of  pheiiylhydrazine  hydrochloride  and  three  knifc-i>oints 
of  S4>dium  acetate^  anri  when  the  salts  do  not  dissolve  on  warn  dug  add 
more  water.  The  test-tube  is  |)laced  in  boHing  water  and  warmed  on 
the  %vater-bath.  It  Is  then  placed  in  a  beaker  of  cold  water.  If  the 
quantity  of  sugar  present  is  not  too  small,  a  yellow  cry^stalline  precipi- 
tate is  now  obtained.  If  the  precifutate  appears  amoiphous,  there  are 
found,  on  looking  at  it  under  the  niit  roscope,  yellow  needles  singly  and  in 
groups.  If  very  little  sugar  is  present,  pour  the  test  into  a  conical  glass 
and  examine  the  sediment.  In  this  case  at  lea^t  a  few  phenylglucosazone 
cr\'stals  are  found,  while  the  ociurronce  of  larger  and  smaller  yellow  plates 
or  highly  refractive  brown  globules  df>es  not  show  the  presence  of  sugar. 
This  reaction  is  very  reliable,  and  by  it  the  prest*nce  of  0.3  p.  m.  sugar  can 
be  tleteeted  (Hosenfelo,  Geyer  'j.  In  doubtful  cases  where  certainty 
is  desired*  prepare  the  crystals  from  a  large  quantity  of  urine,  dissoli-e  them 


*  Rosen f eld.  Deutsche  med.  Wochenschr,  1888;  Geyer,  cited  from  Rooe,  Zeitschr. 
f  physioi.  Chem.  15. 
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on  the  filter  by  pouring  over  them  hot  alcohol,  treiit  the  filtrate  with  watfT,  I 
and  boil  off  the  alcohol.  Still  better,  the  precipitate  is  dissolved.  ac<xmi- 
ing  lo  Neubkrg,  in  some  pyridine  and  again  precipitated  as  er>n3tals  bvtlie 
addition  of  benzene,  ligroin,  or  ether.  If  the  characteristic  yellow  cnBt^il- 
line  needles,  whose  lueltiiig-point  (204-205°  C.)  may  also  be  deteniiine<l,  are 
now  obtained,  then  this  U^i  i??  dei-isive  for  the  presence  of  sugar  It  must 
not  be  forgotten  that  hpvulosc  gives  the  same  osazone  as  dextrose,  aiid 
that  a  further  invest igat ion  is  nece*s.sar}'  in  certain  casein. 

The  following  modification  liv  A.  Neumann"  ^  is  simple*  practical,  anj 
at  the  same  time  snl!iciently  delicate.  5  e.  e.  of  the  urine  are  treateil  with 
2  c.  c.  of  acetic  acid  (30  per  cent)  saturated  witli  sodium  acetate.  2  drops 
of  pure  phcnvlhydraziue  added  and  the  mixture  boilerl  in  a  test-tuhe  unll 
it  measures  3  c,  c.  After  tpuckly  eonhng  wann  again  and  then  allow  il  tu 
cool  slowly.  After  5-10  minutes  beautifully  formed  crystals  are  obtained 
even  in  the  presence  (>f  only  0,2  p.  m.  sugar. 

The  value  of  the  phenylhydrazine  test  has  been  considerably  debated, 
and  the  objection  has  bwn  ntade  that  glucuronic  acid  also  gives  a  similar 
precipitate.  A  confounding  with  glucuronic  acid  is,  according  to  Hirschl, 
not  to  be  ap|irehendf*d  when  the  test  is  not  heated  in  the  water-bath  for  too 
short  a  time  (one  hour).  Kisti:rmaxx  found  this  precaution  insufficient, 
and  R<H)S  states  that  the  plienylliyrlrazin  test  always  gives  a  positive 
result  with  human  urine,  wluch  coincides  with  E.  Holmgren  ^s^  and  Ham- 
MAiiSTKX  ^s  experience*  'this  tt^t  only  shows  a  non-physiological  quan- 
tity  of  sugar  when  a  rather  abundant  crj'staUizatlon  is  obtained  from  a 
small  quantity  of  urine  (abmit  5  c.  c). 

Ruhxer's  lest  is  perfonned  as  foll(jws:  The  urine  is  precipitatefl  by 
an  excess  of  a  concentrated  lead-acetate  solution  and  the  filtrate  carefully 
treateil  with  enough  amoiooia  to  produce  a  fhiccnlent  precipitate.  It  is 
then  heated  to  boiling,  when  the  precipitate  becomes  flesh-colored  or  pink 
in  the  presence  of  sugar. 

Pdarizaiion,  This  test  is  of  great  value,  especially  as  in  many  eases  it 
qiuckly  differentiates  between  dextrose  and  other  reducing,  !a}\*f>gyrate  sub- 
stances,  such  as  the  conjugated  g!u<'urouic  acids.  In  the  presence  «if  only 
XQvy  little  sugar  the  value  of  this  test  depends  on  the  delicacy  of  the  instru- 
ment and  the  dexterity  of  the  observer;  thcrefnre  this  method  is  perhaps 
inferior  in  most  cases  to  the  bismuth  or  tlie  i>Iienylhydraz!ne  test. 

If  small  quantities  of  sugar  are  to  be  isolattxl  from  the  urine,  prt*cdpitate 
the  urine  first  with  sugar  of  lea^l,  filter,  precipitate  the  filtrate  with  am- 
nion iacal  basic  lead  acetate,  Wiish  this  precijjitati*  with  water,  decompose  it 
with  HjS  when  suspendetl  in  wat-er,  concentrate  the  filtrate,  treat  it  with 
strong  alcohol  until  it  Ls  SO  voL  per  cent,  filter  when  necessar>\  and  add 
an  alcoholic  caustic-aJkali  solution.  Disstjlve  the  precipitate  consisting  of 
saccharates  in  a  little  water,  precipitate  the  potash  by  an  excess  of  tartaric 
acid^  neutralize  the  filtrate  with  calcium  carbonate  in  the  cold,  and  filter. 
The  filtrate)  ma}-^  be  used  for  testing  with  the  pnlarLscope  as  well  as  for  the 
fermentation,  bisnmth,  and  plienylhydrazine  tests.  The  presence  of  dex- 
trose may  be  detected  by  this  same  process  in  animal  fluids  or  tissues  from 

*  Arch.  f.  (Anat  u.)  Physiol.,  1899,  Suppl  See  also  Margulies,  Berlin,  klin.  Wochco- 
Bchr..  1900. 

'  Hirschl,  Zeitschr,  f.  physiol.  Chcm.,  14;  Kistcnnann,  Deutsche  Arch.  L  Idin* 
Med,,  50;   lioos,  1.  c;  Holmgren,  NVjtVy'ia  i^^kreaber.,  2T 
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vhich  the  proteids  have  been  removed  by  coagulation  or  by  the  addition 
of  alcohol. 

In  the  isolation  of  sugar  and  carbohydrates  from  the  urine  the  benzoic- 
acid  esters  of  the  same  may  be  prepared  according  to  Baumann's  method. 
The  urine  is  made  alkaline  with  caustic  soda  to  precipitate  the  earthy  phos- 
phates, the  filtrate  treated  'with  10  c.  c.  of  benzoyl  chloride  and  120  c.  c.  of  10 
percent  caustic-soda  solution  for  every  100  c.  c.  of  the  filtrate  (Reinbold  ^), 
and  shaken  until  the  odor  of  benzoyl  chloride  has  disappeared.  After 
standing  sufficiently  long  the  ester  is  collected,  finely  divided,  and  saponified 
with  an  alcoholic  solution  of  sodium  ethylate  in  the  cold  according  to 
Baisch's  method,'  and  the  various  carbohydrates  separated  according  to 
his  suggestion. 

To  the  physician,  who  naturally  wants  simple  and  quick  methods,  the 
bismuth  test  is  especially  to  be  recommended.  If  this  test  gives  n(^ative 
results,  the  urine  is  to  be  considered  as  free  from  sugar  in  a  clinical  sense. 
If  it  gives  positive  results,  the  presence  of  sugar  must  be  controlled  by 
other  tests,  especially  by  the  fermentation  test. 

Other  tests  for  sugar,  as,  for  example,  the  reaction  with  orthonitrophenyl- 
propiolic  acid,  picric  acid,  diazobenzene-sulphonic  acid,  are  8U{xjrfluous.  The 
reaction  with  a-naphthol,  which  is  a  reaction  for  carbohydrates  in  general,  for 
glucuronic  acid  and  mucin,  may,  because  of  its  extreme  delicacy,  give  rise  to 
mistakes,  and  is  therefore  not  to  be  recommended  to  physicians.  Normal  urines 
give  this  test,  and  if  the  strongly  diluted  urine  gives  this  reaction  the  presence 
may  be  suspected  of  large  quantities  of  carbohydrates.  In  these  cases  more 
positive  results  are  obtained  by  using  other  tests.  This  test  requires  great 
cleanliness,  and  it  has  this  inconvenience,  that  it  is  very  difficult  to  get  sufficiently 
pure  sulphuric  acid.  Several  investigators,  such  as  v.  UdrXnsky,  Luthkr,  Roos 
and  Treupel,'  have  investigated  this  test  in  regard  to  its  applicability  as  an 
approximate  test  for  carbohydrates  in  the  urine. 

Quantitative  Determination  of  Sugar  in  the  Urine,  The  urine  for  such 
an  estimation  must  first  be  tested  for  proteid,  and  if  any  be  present  it  must 
be  removed  by  coagulation  and  the  addition  of  acetic  acid,  care  being  taken 
not  to  increase  or  diminish  the  original  volume  of  urine.  The  quantity  of 
sugar  may  be  determined  by  titration  with  Fp:hling*s  or  Kxapp's  solu- 
tion, by  FERMENTATION,  by  POLARIZATION,  or  also  in  other  ways. 

The  titration  liquids  not  only  react  with  sugar,  but  also  with  certain 
other  reducing  substances,  and  on  this  account  the  titration  methods  give 
rather  high  results.  When  large  quantities  of  sugar  are  present,  as  in  typi- 
cal diabetic  urine,  which  generally  contains  a  lower  percentage  of  normal 
reducing  constituents,  this  is  indeed  of  little  account;  but  when  small  quan- 
tities of  sugar  are  present  in  an  otherwise  normal  urine,  the  mistake  may, 
on  the  contrary,  be  important,  as  the  reducing  power  of  normal  urine  may 
correspond  to  5  p.  m.  dextrose  (see  page  521).  In  such  cai^es  the  titra- 
tion procedure  must  be  employed  in  connection  with  the  fermentation 
method,  which  will  be  described  later.  It  Is  to  be  remarked  that  in  typical 
diabetic  urines  with  considerable  quantities  of  sugar  the  titration  with 
Fehling's  solution  is  just  as  reliable  as  with  Knapp^s  solution.  Wlien 
the  urine,  on  the  contrary',  contains  only  little  sugar  with  normal  amounts 

»Pfluger's  Arch.,  91. 

'Zeitschr.  f.  physiol.  Chem.,  19. 

•  See  Roos  and  Trciipcl,  Zeitschr.  f.  physiol.  Chem.,  15  and  16. 
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of  physiological  constituents,  then  the  titration  with  Fehukg's  solutM 
h  more  difficult,  in  certain  cases  iDfleed  ahnost  impossible,  and  the  resuhi 
be(x>me  very  uncertain.     In  ssuch  casc«  Kkapp^s  method  gives  good  resulti, 
according  to  W^jrm  Miller  and  his  pupils.* 

The  TITRATION  with  Fehling's  solution  depends  on  the  power  o( 
sugar  to  reduce  copper  oxide  in  alkaline  solutions.  For  tliis  there  was 
foniierly  employed  a  solution  which  contained  a  mixture  of  copper  sulpbstc, 
Rochellcsalt,  and  sodium  or  |)otassiiim  hydrate  (Fkhling's  solution) ;  but 
as  such  a  solution  readily  ehanget^,  use  is  made  of  a  copper-sulphate  sxJu- 
tion  and  an  alkaline  HtHiH-De-siiJt  solution  prepared  separately,  and  the 
two  solutions  niiAud  in  ct^uul  volumes  l>efore  using. 

The  content  rat  i(»n  of  the  copiKT-sulphate  solution  is  such  that  10  c,  c.of 
this  solution  is  reduced  by  O.Of)  gram  of  dextrose.     The  co[)per-sulphute 
solution  contains 34,65  grams  of  pure,  cr\'stalled.  non-efHoreseent  copper  siil- 
jihate  in  1  liter.     The  sulphate  is  crystallized  from  a  hot  saturated  solutioD 
by  cooling  an<l  stirring,  and  the  crystals  are  separated  from  the  mother- 
liquor  and  pressai  between  blotting-j)a]3^r  until  d^>^     The  llrK"heUe-s»lt 
solutionis  preparetl  by  dissolving  173  grams  of  the  salt  in  3.50c.c.  of  water^ 
ailding  600  c.  c,  of  a  eaustic-sfxla  solutimi  of  a  !?i;ecifir  gravity  of  L12,  and 
diluting  witii  water  to  1  liter.     According  to  Wijrm  ili'LLun,  these  three 
li<|uids — Rochelle-salt  solution,  caustic  sochi,  and  water^should  be  sepa- 
rately Vioik'd  liefore  mixing  together.     For  each  titration  mix  in  a  small 
llask  or  pnrcelaiu  dish  exactly  10  c.  c.  of  the  copjier-sulphate  solution  and 
10  c.  c.  :i(  the  alkaline  Rochelle-salt  solution  and  add  30  c.  c.  of  water. 

Tlie  urine,  freed  from  proteid,  is  diluteil  with  water  before  the  titration. 
so  that  10  c.  c.  of  the  copper  solution  recjuires  between  5  and  10  c.  c.  of 
the  diluted  urine,  which  correspond^  to  between  1  j^er  cent  and  A  per  cent  erf 
sugar.  A  urine  of  a  specific  gravity  of  1,030  may  be  diluted  five  times; 
one  more  coucentratech  ten  times.  The  urine  so  dilutal  is  poured  into  & 
l>ure1  te  and  ali<n\Td  to  flow  into  the  boiling  copper-suljihate  and  Rocbclle- 
salt  solution  until  the  copper  oxide  Ls  comjAetely  reduced.  This  ha^  taken 
|>lace  when,  immeiliately  after  boiling,  the  bhie  color  of  the  solution  disap- 
pears. It  is  very  difficult  and  requires  some  practice  to  exactly  detcnnine 
this  point,  especially  when  the  copper  suboxide  settles  with  difficulty.  To 
determine  whether  the  color  has  disappearetl,  allow  the  copper  suboxide 
to  settle  a  little  below  the  meniscus  formed  by  the  surface  of  the  liquid. 
If  this  layer  is  not  blue,  the  operation  Ls  repeated^  adding  OJ  e.  c.  le^af 
urine;  and  if,  after  the  copper  suboxide  has  settled,  tlie  liquid  has  a  blue 
color,  the  titration  may  be  consi(k^red  as  complete^!.  Because  of  the 
difficulty  in  obtaining  this  point  e-xactly  another  end-reaction  has  been 
suggestecL  This  cnnsists  in  filtering  inunediately  after  boiling  a  small 
portion  of  the  titrated  mixture  through  a  small  filter  uito  a  tes=l*tube 
which  contains  a  little  acetic  acid  and  a  few  drops  of  potassium* 
ferrocyanide  solution  and  water.  Tlie  smallest  quantity  of  copper  is 
shown  by  a  red  coloration.  If  the  oi>eration  is  quickly  conducted  so  that 
no  oxidation  of  the  suboxide  into  oxide  lakes  place,  this  end-reaction  is 
of  value  for  urines  which  are  rich  in  sugar  and  poor  in  urea  and  which  have 
been  strongly  dihited  with  water.  In  urines  poor  in  sugar  which  (*onta!n 
the  normal  amount  of  urea  and  which  have  not  been  considerably  diluted,  ik 
considerable  quantity  of  anmionia  ma\'  be  formed  from  the  urea  on  boil- 

'  Pfliiger's  Arch.,  10  and  23;  Utto,  Joumtil  f.  pmkL  ClM;m.  (X.  F.).  26. 
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Sng  the  alkaline  liquid.  This  ammonia  dissolves  the  suboxide  in  part, 
which  then  easily  passes  into  oxide,  and  besides  this  the  dissolved  sub- 
oxide gives  a  red  color  with  potassium  ferrocyanide.  In  just  those  cases 
in  which  the  titration  is  most  difficult  this  end-reaction  is  the  least  reliable. 
Practice  also  renders  it  unnecessar}%  and  it  is  therefore  best  to  depend 
aimply  upon  the  appearance  of  the  liquid. 

To  facilitate  the  settUng  of  the  copper  suboxide  and  thereby  clearing 
the  liquid,  Munk  *  has  lately  suggested  the  addition  of  a  little  calcium- 
chloride  solution  and  boiling  again.  A  precipitate  of  calcium  tartrate  is 
produced  which  carries  do^n  the  suspended  copper  suboxide  with  it,  and 
the  color  of  the  hquid  can  then  be  better  seen.  This  artifice  succeeds  in 
many  cases,  but  imfortunately  there  are  urines  in  which  the  titration  with 
Fehling  's  solution  in  no  way  gives  exact  results.  In  those  cases  in  which 
only  small  quantities  of  sugar  exist  in  a  urine  rich  in  physiological  con- 
stituents it  is  best  to  dissolve  a  very  exactly  weighed  quantity  of  pure 
dextrose  or  dextrose-sodium  chloride  in  the  urine.  The  urine  can  now  be 
strongly  diluted  with  water  and  the  titration  bo(!omes  successful.  The  dif- 
ference between  the  sugar  added  and  that  foimd  by  titration  gives  the 
reducing  power  of  the  original  urine  calculated  as  dextrose. 

The  necessary  conditions  for  the  success  of  the  titration  under  all  cir- 
cumstances are,  according  to  Soxhlet,*  the  following:  The  copper-sul- 
phate and  Rochelle-salt  solution  must,  as  above,  be  diluted  to  50  c.  c.  with 
urater;  the  urine  should  contain  only  between  0.5  per  cent  and  1  per  cent  of 
«u,'~ar,  and  the  total  quantity  of  urine  required  for  the  reduction  must  be 
added  to  the  titration  liquid  at  once  and  boiled  with  it.  From  this  last 
condition  it  follows  that  the  titration  is  dependent  upon  minute  details, 
and  several  titrations  are  require<l  for  each  determination. 

It  is  best  to  give  here  an  example  of  the  titration.  The  proper  amount 
of  copper  sulphate  and  Rochelle-salt  solution  and  water  (total  volume  =  50 
c.  c.)  is  heated  to  boiling  in  a  flask;  the  color  must  remain  blue.  The  urine 
diluted  five  times  is  now  added  to  the  boiling-hot  liquid,  1  c.  c.  at  a  time; 
after  each  addition  of  urine  boil  for  a  few  seconds  and  look  for  the  appear- 
ance of  the  end-reaction.  If  one  finds,  for  example,  that  3  c.  c.  is  too  little, 
but  that  4  c.  c.  is  too  much  (the  liquid  becoming  yellowish),  then  the  urine 
has.  not  been  sufficiently  diluted,  for  it  should  recjuire  between  5  and  10  c.  c. 
of  the  urine  to  produce  the  complete  reduction.  The  urine  is  now  diluted 
ten  times,  and  it  should  require  between  6  and  8  c.  c.  for  a  total  reduction. 
Now^  prepare  for  new  tests,  which  are  lK)iled  simultaneously  to  save  time. 
and  add  at  one  time  respectively  6,  6^,  7,  and  7J  c.  c.  of  urine.  If  it  is 
found  that  between  6^  and  7  c.  c.  are  necessary  to  produce  the  end-reac- 
tion, then  make  four  other  tests,  to  which  add  respectively  6.6,  6.7,  6.8, 
and  6.9  c.  c.  of  UT-ine.  If  in  this  case  the  li(|uid  is  still  somewhat  bluish 
with  6.7  c.  c.  and  completely  decolorized  with  6.8  c.  c,  the  average  fig- 
ure 6.75  c.  c.  13  considered  as  correct. 

Ihe  calculation  is  simple.  The  6.75  c.  c.  used  contains  0.05  cram  of 
sugar,  and  the  percentage  of  sugar  in  the  dilute  urine  is  therefore  (6.75: 0.05 — 

100:a:)=«-g-=p=0.74.  But  as  the  urine  was  diluted  with  ten  times  its  vol- 
ume of  water,  the  undiluted  urine  contained    ,, ,  ^  =  7.4  per  cent.    The 

o.  /  5 

*  Virehow's  Arch,,  105.  » Journal  f.  prakt.  Chem.  (N.  F.),  21. 
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general  formula  on  using  10  c*  c»  of  copper-sulphate  solution  is  therefore 

SyCn 

— r- ,  in  which  n  represents  the  number  of  times  the  urine  has  been  dilutttl 

antl  k  the  number  of  c.  c.  of  the  diluted  urine  employed  for  the  titration. 

The  TiTR.\Tiox  according;  to  Kxapp  depends  on  the  fact  that  in* 
cyanide  in  alkaSine  solution  is  redocpd  to  metallic  mercur>^  by  ih 
'Ihe    titration    lic|uid   should   contain    10  ^rauis   of   eheuiieally   puri    <■ 
mercuric  cyanide  and  100  c.  e.  of  caustic-soda  8oluti<jn  of  a  specific  cm.  i 
of  LI 45  per  liter,     ^^iien  the  titration  is  performed  as  descril>ed  below  (m- 
cording  to  Woum  Mullkr  and  Otto),  20  c.  c.  of  this  solution  should  c-^ 
respood  to  exactly  0.05  ^ram  of  dextrose.     If  the  pnicess  is  carried  out 
other  waySj  the  A^alue  of  the  solution  is  dift^reut. 

In  this  titration  iilso  the  quautity  of  supar  in  the  urine  should  he  between 
i  and  1  per  cent  and  the  extent  of  dilution  necessar>'  be  detennined  by 
a  prcljniinary  test,  Tn  determine  the  end-reaction  as  deserit)eii  bcloK^ 
the  test  iuT  t!ie  excess  of  nierciiy  is  made  with  sulphiu-etted  hy<lrofen. 

In  performing  the  titration  albnv  20  e,  e.  of  Knapp^s  solution  to  flow 
into  a  flask  and  dilute  with  80  c.  c,  of  water,  or  when  the  urine  cuntaia^ 
less  than  0.5  per  cent  of  sugar,  use  only  40-60  e,  c.  After  this  heat  lo 
hoilinjij:  aid  allow  the  dilute  urine  to  flow  praihially  into  the  hot  solution, 
at  first  2  c.  c,  then  1  c.  c*,  then  0.5  c.c,  then  0.2  c.  e.,  and  lastly  0.1  c.c. 
After  each  addition  let  it  boil  J  minute.  When  the  end-reactioa  is 
approachinjK,  the  liquid  begins  to  clarify  arjd  the  mercur>'  separal«*s  with 
the  phosphat€*s.  The  end-reaction  Ls  doterniinf^l  by  taking  a  <lrop  of  the 
U|jper  layer  of  the  iifiuiil  into  a  capillary  tube  and  then  ! downing  it  out 
on  pure  white  filter-paper.  The  moist  spot  is  first  iield  over  a  bottle 
containing  fimiing  hydrochloric  acid  and  then  over  stnnig  sulphun^ttcd 
hydrogen.  The  presence  of  a  minimum  tjuantity  of  niercur>'  salt  in  the 
liquid  is  shown  by  the  spot  becoming  yellowish,  which  is  best  seen  when  it 
is  comparcil  whh  a  second  spot  that  has  not  iieen  exp(»8ed  to  the  gas. 
The  en(l-roa**tit»n  is  still  clearer  whr^n  a  small  part  of  the  liquid  is  filtere*!, 
acidified  with  acetic  acid,  and  tested  with  sulphurette<l  hydro^-en  (Otto  '). 
The  calculations  are  just  as  simple  as  for  the  previous  methcMl. 

Hiis  titrattfin,  unlike  the  previous  one,  may  be  performed  cfiually  wril 
in  daylight  and  in  artificial  litdit.  Kxapp's  method  has  the  following 
advantages  over  FlJ^LlKu  a  method:  It  is  applicable  even  when  the  quan- 
tity of  sugar  in  the  urine  is  very  small  and  that  of  the  other  uriuar> 
constituents  Is  normal.  It  Ls  more  easily  performed,  and  the  titratioa 
lifiuids  may  be  kept  without  decomposifig  for  a  long  time  (Wcjhm  MrLLi;a 
and  his  pupils  ').  The  views  of  clifTerent  investigators  on  the  value  of  this 
titration  method  are  somewhat  contradictory. 

Beside*?  the  aboveHJescrilxxl  titration  metlKMls  there  are  various  othffs. 

Thus  Paw  titrates  with  an  ammoniacal  copper  solution.     K.  B.  Lr.uMAW 

^  uses  an  excess  of  copper  salt  arul   rrtitrates  M'ith   potassium   iodifle  and 

hy])osulphite.     The  sugar  can   also   be  determined   according   to   Alludc^ 

and  espedally  accordin'j;  to  PFLik;ER's  modification  of  this  methotL* 

*  Journal  f.  prakt  Chem.,  26. 
'  Pniigor's  Arck»  Ifi  and  23. 

*  Lchmann,   Arck    f.    Hvfjiene,  30;    Pfluger,   rfluccr's   Arch,  «<» 
Pavy*s  and  other  metboda,  see  Huppcrt-Xeiibauer,  Miim-AniUyaep  10 
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Estimation  of  the  Quantity  of  Sugar  by  Fermentation.  This 
may  be  done  in  various  ways;  the  sioiplest  inethod,  and  one  at  the  same 
time  suffieiently  exact  for  ordinary  caseti,  is  that  of  Roberts.  This  con- 
sists in  determining  the  specific  gravity  of  the  urine  before  and  after  fer* 
mentation.  In  the  fermentation  of  sugar,  earbou  itioxido  and  alcohol  are 
fornieii  as  chief  products  and  the  specific  gravity  is  Jtiwereil,  partly  on 
account  of  the  disappearance  of  the  sugar  ant  I  partly  on  account  of  the 
production  of  alcohoL  Roberts  found  that  a  decrease  of  0.001  in  the 
specific  gravity  cf*rresponded  to  0.23  per  cent  sugar,  and  this  has  been  sub- 
stantiates! since  by  several  other  investigators  (Worm  Midler  and  others). 
If  the  urine,  for  example,  Inis  a  specific  gravity  of  IXKIO  l:*efore  fermentation 
and  1.008  after,  then  the  quantity  of  sugar  contained  therein  was  22x0.23 
^o.OG  per  cent. 

In  performing  this  test  the  specific  gravity  must  l>e  taken  at  the  same 
temperature  before  and  after  the  fermentation.  The  urine  must  he  faintly 
aciri,  and  when  necessary  it  should  be  acidified  with  a  little  tartaric-acid 
solution.  The  acti\^ity  of  the  yeast  must,  when  necessary,  l>e  controlled 
by  a  special  test,  Piace  200  c.  c.  of  the  tiriiie  in  a  40*)  c.  c.  flask,  add 
a  piece  of  compressed  yeast  the  size  of  a  pea,  and  subdivide  t!xe  yeast 
through  the  h(piid  by  shaking;  dose  the  ftask  with  a  stopper  provided  with 
a  fi  nely-firawnH*ut  glass  tube,  and  allow  the  tc^st  to  stand  at  the  temperature 
of  the  room  or,  still  better,  at  20-25'^  C,  After  24-4S  hours  ilie  fermenta- 
tion U  ordinarily  ended,  but  this  nmst  be  verificfl  by  tl^^  l>Lsmuth  test* 
After  complete  fermentation  filter  through  a  dr>'  filter,  bring  tlie  filtrate  to 
the  proper  temperature,  and  determine  the  specific  gravity. 

If  the  specific  gravity  be  determined  with  a  good  pycnometer  supplied 
with  a  thermometer  and  an  exjiansion-tuhe,  this  method,  when  the  (|uan- 
tity  of  sugar  is  not  less  than  4—5  p.  m.,  gives,  according  to  Wt>RM  MT  ller, 
very  exact  results,  but  tliis  has  been  ilispute^l  by  liunoE.*  For  the  ph>'Tsi» 
cian  the  method  in  this  form  Is  not  quite  serviceable.  Even  when  the 
specific  gravit\^  is  determineii  by  a  delicate  urinometer  which  can  give  the 
density  to  the  fourtli  deciiiuil,  quite  exact  resuIt^s  are  not  obtaineii.  becaiLse 
of  the  onlinary  errors  of  tlie  method  (Budde):  but  the  errors  are  usually 
smaller  than  those  which  occur  in  titrations  made  by  unpractised  hands. 

When  the  quantity  of  sugar  is  less  than  5  p.  m.  these  metlK>ds  cannot 
be  used.  Such  small  amounts  cannot,  as  already  mentioneil,  be  determine*! 
by  titration  directly,  beeaiLse  the  retlucing  power  of  normal  urine  corre- 
sponds t^  4-0  p.  m.  of  sugar.  In  such  cases,  acconiing  to  Worm  Muller, 
it  is  better  first  to  determine  the  reduction  f)ower  of  the  urine  by  titration 
with  Kwpp's  solution,,  then  ferment  toe  urine  with  the  atldition  of  yeast 
and  titrat43  again  with  Knapp's  soltnion.  The  <lifft*rence  found  between 
the  two  titrations  calculatetl  as  sugar  gives  the  true  qtiantity  *>f  th*'  latter. 

The  determination  of  the  sugar  by  fermentation  can  be  so  per- 
formed that  the  loss  in  %veight  due  to  the  CtJj  can  be  astimate<l  or  the 
volume  of  the  gas  measured.  For  this  last  puqiose  Lounstein  -  has  con- 
structed a  special  fermentation  saccharometer  which  is  claimed  to  be 
trustworthy  and  practical. 


I  *  Roberts,  Edinburgh  Me<i.  Jotim  ,  1HC»1,  and  The  Lancet,  1,  IS62;  Worm  Mii Her, 

I  Pfluger's  Arch.,  33  and  37;  Biid<le,  tbuL,  40,  and  Zeitschr.  !.  physiol  Chem.,  13      See 

I  aUo  Huppert-Xeubauer,  lU.  Aufl..  and  Lobnstein,  I'fliiger's  Arch.,  02. 
I^B         '  liprlin.  klin.  Wochcmjchr,  35.  ami  Allg,  med.  t'entral.*2tg.,  1S99. 
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EsTfMATioN  OP  Sugar  by  Polarization.    In  tMs  method  the  urine 
mtist  be  clear,  not  too  deeply  colured,  and,  above  all,  must  not  contain 
aay  other  optically  active  substances  besides  dextrose.     The  urine  may 
contain  several   lyE'Vo rotatory  substances  sueh   as  proteids,  ^-ox}'butyric 
acid^  conjugated  glucuronic  acids,  tbe  so-calleil  Leo's  sugar,  and  less  of  tea 
cystin,  ail  of  which  are  un fermentable.     The  proieid  is  removed  by  coagu* 
lation  and  the  others  are  detecteil   by  the  polarLscope  after  complete  fer* , 
mentation.     The  fermentable   liEvulose  is  detected   in   a  special  manner i 
(see  below),  and  tiie  dextrorotatory  milk-sugar  differs  from  dextrose  in  its 
not  ferment int^  readily.     By  using  a  delicate  instrument  and  ^nih  snffi- 
cient  practice,  very  exact  results  can  be  obtained  by  this  method.    The 
value  of  tills  procedure  consists  in  tlie  rapidity  with  which  the  det^rnlina- 
tion  can  be  made.     In  using  instruments  specially  constructed  for  clinical 
purpo«et5  the  accuracy  Is  less  than  with  the  less  expensive  fermentation 
test.     Under  such  circumstances,  and  as  the  estimation  by  means  of  polari- 
zation can  be  performed  with  exactitude  only  by  specially  trained  chemists, 
it  Ls  hardly  nectessary  to  give  this  method  in  detaib  and  the  reader  Is  referred 
to  handbooks  for  instnictions  in  the  use  of  the  apparatus. 

Lfieviilos2.  l>irvoj[jyrate  urines  containinpj  suf^ar  have  been  obsen^ed  by 
Ventzke,  ZiMMKR  and  Czapek.  Hekhek,  and  others.  The  nature  of  the 
substance  causing  this  action  is  difficult  to  describe  exactly,  but  there  is 
hardly  any  doubt  that  the  urine,  at  least  in  certain  cases,  as  in  those  obser\'ed 
by  Seegkx,  contains  la^vnlose.  May  has  also  recently  published  a  case  in 
ivhich  to  all  appearances  hevulose  "was  present.  Undoubted  cases  of  Ifievu- 
losuria  have  been  observed  and  studied  in  the  last  few  years  by  Rosin  and 
Laijand,  Spath  and  Weil.^ 

La^ Aldose  is  detect e<i  as  follows:  The  urine  is  Ifpvomtatory,  and  the 
hevorotatory  sid)stancc  ferments  with  yetist.  The  urine  gives  the  ordinary 
reduction  tests  and  phenylgkicosazone.  It  gives  Seliwaxoff's  reaction 
on  boiling  with  resorcin  and  hydrochloric  acid,  and  with  methylphenylhy- 
drazine  it  gives  the  characteristic  bevnilosemethylphenylosazone  (see  page  96)  ► 

Laitise  is  a  substance  named  by  Huppert  and  found  by  Leo  ^  in  diabetic  urines 
in  certain  cases,  and  which  he  ronsiders  as  a  sugar.     It  is  {vevogyrate^  amorphoi 
and  does  not  taste  sweet ,  but  rather  sharp  and  salty.     Laiose  has  a  reduc' 
action  on  nietalMe  oxides,  d<Mis  not  ferment,  and  gives  a  non-crystalline,  yellow 
broH^  oil  with  phcny!hydraKine,     There  is  no  positive  proof  a^  yet  that  this 
substatice  is  a  sugar. 

Lactose*  The  appearance  of  lactose  in  the  urine  of  pregnant  women 
was  first  shown  by  the  observations  of  Dr  Sixety  and  F,  IIofmei-ster, 
and  this  has  been  substantia t^nl  by  other  investigators,*  After  the  inges- 
tion of  lar^^e  qtiantities  of  rnilk-su^ar  some  lact<>se  may  be  found  m  the 
urine  (see  Chapter  IX  on  absr>rption).  The  passage  of  lactose  into  the  urine 
is  callefl  lactosuria. 

The  positi\'e  detection  of  this  sugar  in  the  urine  is  difficult,  be- 
cause it  is,  like  dextrose,  dextrosn-rate  and  also  gives  the  usual  reduction 

'  Rosin  and  Laband,  Zcitachr.  f.  klin.  Med.,  47;  SpiUh  and  Woil,  CeatralbJ,  f.  d 
med.  Wis«.,  190Z.     See  also  Iluppert-Xeubauer,  10.  Aufl.,  125. 

'  Viirhow's  Arch.,  107. 

'  Hofmci^ter,  Zeitschr  f,  physiol  Cbem.,  1,  which  also  contains  the  pGrtinent 
Jiterature.    See  also  Lemiure,  ib\d.,  IV, 
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tests.  If  urine  contains  a  dextrogyrate,  non-fermentable  sugar  whichi 
reduces  bismuth  solutions,  then  it  is  very  probable  that  it  contains  lac- 
tose. It  must  be  remarked  that  the  fermentation  test  for  lactose  is, 
according  to  the  experience  of  Lusk  and  Voit,*  best  performed  by  using 
pure  cultivated  yeast  (saccharomyces  apiculatus).  This  yeast  only  fer- 
ments the  dextrose,  while  it  does  not  decompose  the  milk-sugar.  If,  accord- 
ing to  VoiT,  Rubner's  test  is  performed  without  heating  to  boiling  but  only 
to  80®  C,  the  color  becomes  yellow  or  brown  in  the  presence  of  lactose, 
instead  of  red.  The  most  positive  means  for  the  detection  of  this  sugar  is 
to  isolate  the  sugar  from  the  urine.  This  may  be  done  by  the  following 
method,  suggested  by  F.  Hofmeister: 

Precipitate  the  urine  with  sugar  of  lead,  filter,  wash  with  water,  unite  the 
filtrate  and  wash-water,  and  precipitate  with  ammonia.  The  liquid  filtered 
from  the  precipitate  is  again  precipitated  by  sugar  of  lead  and  ammonia  until  the 
last  filtrate  is  optically  inactive.  The  several  precipitates  with  the  exception 
of  the  first,  which  contains  no  suear,  are  united  and  washed  with  water. 
This  precipitate  is'  decomposed  in  the  cold  with  sulphuretted  hydrogen  and 
filtered.  The  excess  of  sulphuretted  hydrogen  is  driven  off  by  a  current  of  air; 
the  acids  set  free  are  removed  by  shaking  with  silver  oxide.  Now  filter,  remove 
by  sulphuretted  hydrogen  the  soluble  silver,  treat  with  barium  carbonate  to  unite 
with  any  free  acetic  acid  present,  and  f  oncentrate.  Before  the  evaporated  residue 
become?  syrupy  it  is  treated  with  90  per  cent  alcohol  until  a  flocculent  precipi- 
tate is  formed  .which  settles  quickly.  The  filtrate  from  this  when  placed  in  a 
desiccator  deposits  crystals  of  lactose,  which  are  purified  by  recrystallization, 
decolorizing  with  animal  charcoal  and  boiling  with  60-70  per  cent  alcohol. 

Pentoses.  Salkowski  and  Jastrowitz  first  found  in  the  urine  of  per- 
sons addicted  to  the  morphine  habit  a  variety  of  sugar  which  was  a  pen- 
tose and  yielded  an  osazone  which  melted  at  159^  C.  This  and  several 
other  cases  of  pentosuria  have  been  observed,  and  according  to  Kulz  and 
VoGEL  small  amounts  of  pentose  also  occur  in  the  urine  of  diabetics  as 
also  in  the  urine  of  dogs  with  pancreatic  or  phlorhizin  diabetes.' 

The  pentose  isolated  by  Neuberg  from  the  urine  in  chronic  pento- 
suria was  i-arabinose.  In  aUmentary  pentosuria  the  1-arabinose  of  the 
plant  food  may  be  found  in  the  urine. 

A  urine  containing  pentose  reduces  bismuth  as  well  as  copper  solutions, 
although  the  reduction  is  not  as  rapid  but  appears  gradually.  If  only 
pentose  is  present,  the  urine  does  not  ferment,  but  in  the  presence  of  dex- 
trose small  amounts  of  pentose  may  also  undergo  fermentation.  The 
preparation  of  the  osazone  serves  in  the  detection  of  pentoses;  this  com- 
pound when  pure  melts  at  166-168°  C,  but  when  obtained  from  the  urine 
has  a  melting-point  of  156-160°  C.  The  phloroglucin  or  orcin  tests  can  also 
be  employed  (see  page  90).  Of  these  the  last  is  most  ])refcrable,  especially 
as  it  excludes  a  confusion  with  the  conjugated  glucuronic  acids. 

*  Carl  Voit,  Ueber  die  Glycogen bildung  nach  Aiifnahme  verschiedener  Zuckeraten, 
Zeitschr.  f.  Biologie,  28. 

'In  regard  to  the  literature,  see  foot-note  1,  page  89.  See  also  Blumenthal, 
"Die  Pentoeurie,"  Deutsche  Klinik,  1902. 
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The  oTcin  test  can  be  jjerformed  as  follows:  5  c.  c.  of  the  urine  is  mixed 
with  an  eciiial  volume  of  HCl  sp.  gr.  L19  and  a  gmall  amount  of  orcin  added 
and  heated  to  lioiling.  As  soon  as  a  greenish  cloudiness  aiii>par5,  cool 
the  mivture  off  and  shake  carefully  with  ani\  1  alcohol.  Tlie  am\  l-ahohol 
solutit^n  Is  used  in  the  spectroscopic  examination.  The  precipitation  of  a 
blulsli-green  pigment  is  in  itself  significant. 

BiAL  *  uses  as  reagent  30  per  cent  hydrochloric  acid  which  contains 
1  gram  rif  orcin  and  25  drops  of  a  ferric-chloride  solution  (62*9  per  cent  of 
the  crx'jitalline  salt)  in  500  r.  c.  of  the  acid.  4-5  c.  c,  of  the  rea^ert  is 
heated  to  boiling  and  then  a  few  dmps  (not  more  than  1  c*  c.)  of  the  urine 
is  addefi  to  the  hot  but  not  lx>iUng  liquid.  In  the  presence  of  ] ' 
the  liquid  turns  a  beautiful  green.  Normal  or  diabetic  urines  do  n< 
this  reaction,  neither  du  the  conjugated  glucuronic  acids* 

LUPINE  and  BoNLUD  *  have  shown  the  presence  of  malt^^se  in  cases  nl 
diabetes,  Mler  boiUng  with  hydrochloric  acid  the  specific  rotation  dimin- 
ishes, while  the  retlucing  jwwer  increases  in  stich  urines. 

Conjugated  Glucuronic  Acids.  Certain  conjugated  glucuronic  acids  gucli 
as  menthol-  and  turpentioe^lucuronic  acid  may  spontaneously  decismposem 
the  orine  anil  in  this  case  they  may  readily  lead  to  a  confusion  with  pentoses. 
The  urine  should  be  always  as  fresh  as  possible  for  these  examinations. 

A  confusion  of  the  glunironic  acids  which  have  a  reflucing  power  on 
copper  or  bismuth  solutions  with  dextrose  and  l^evnilose  can  be  prevented 
by  the  fermentation  test.  The  optical  behavior  also  senses  as  a  difference^ 
as  the  conjugated  glucuronic  acids  are  laevogyrate.  On  boiUng  with  an 
acid  dextrorotator}'  glucuronic  acid  is  produced  and  the  kevorotation  is 
change<l  to  dextrorotation, 

Tlie  conjugated  glucuronic  acids,  like  the  pentoses,  give  the  phlom- 
glucin-hydrochloric-acid  test.  On  the  contrary*  they  do  not  give  the  orcin 
test  directly,  but  only  after  cleavage  with  the  setting  free  of  glucuronic 
acid.  On  using  Dial's  reagent  no  mistaking  for  pentoses  occurs.  The  pen* 
toses  may  also  be  isolatetl  and  identified  by  their  osazonee*  Tlie  occurrence 
of  conjugated  glucuronic  acid  in  the  urine  is  shown  when  the  urine  does 
not  give  the  orcin-hydrochlorie-acid  reaction  directly,  but  only  after  boiling 
with  the  acid,  A  further  proof  is  that  suggested  by  v.  Alfth.^A'.*  500  c.  e. 
of  the  urine  is  benzoylated  and  the  ester  obtainetl  saponifies!  with  sodium 
ethylate.  The  free  and  conjugated  glucuronic  acid  is  tlius  obtained  as 
sodium  compounds,  insoluble  in  alcohol,  while  the  pentoses,  if  preeent^ 
remain  in  the  alcoholic  filtrate, 

Tlie  surest  method  is  that  suggeste<l  by  Mayer  and  Neubekg  *  which 
consists  in  iireeipitating  the  urine  with  basic  lead  acetate*  decomposing 
the  precipitate  with  H^S,  boiling  with  dilute  sulphuric  acid  in  order  to 


'  Deutsch.  raed.  WcK^henschr,  1903- 
^Corapt.  rend.,  i:il 
•Arch  f.  exp.  Path.  u.  Pharai,,  4", 
*2eitschr.  t  phystol  Chem.,  29. 
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split  the  conjugated  acid  and  then  after  neutralizing  with  soda  prepare 
the  characteristic  brnm|>hoiiylhydrazine  componiMl  of  gkjcuronic  acid  (see 
page  100)  with  />-broni|)hen\  Ihydrazine  hytln>chl(>rtde  and  i:«Jtlium  acetate, 

Inositc  occult  ill  the  urine  in  albuminuria  and  in  iliabetes  mellitiiSj  but 
only  rarely  and  in  small  quantities,  Inosite  is  also  found  in  the  urine 
after  the  excessive  drinking  f>f  water.  According  to  Hofpe-Seylkr  ^ 
tracer*  of  inosite  occur  in  all  norraal  uriiies. 

In  detecting  inosite  the  pmteid  m  fii-st  removed  from  the  urine,  Theti  con- 
centnite  the  urine  on  the  water-liath  to  1  of  its  ori>jirnil  volrime  aiul  prerifiiitittf 
with  sugar  of  lead.  The  filtrate  m  warmed  and  treated  with  basii'  lead  aietate  as 
long  as  a  precipitate  is  formed.  The  precipitate  formed  after  t wen ty- four  lioyrs 
is  washed  with  water,  sus{>ended  in  water,  and  decomposed  with  sulphuretted 
hydrogen.  A  little  uric  aeiil  lUiiy  separate  from  the  filtrate  after  a  short  time, 
The  lirpud  is  filtered,  concent  rated  to  a  syrut»y  consistency,  and  treated  \shile 
boiling  with  3-4  vols,  alcohol.  The  precipitate  is  quickly  separated.  After 
the  addition  of  ether  to  the  cooled  filtrate^  crystaLs  separate  after  a  time,  and 
theise  are  purified  by  decolorization  and  recrystallization.  With  these  crj'stals 
perform  the  tests  mentioned  on  page  3S7. 

Acetone  Bodies  (acetone,  acetoacetic  acid,  ^-oxybutyric  acid).  Tliese 
bodies,  whose  occurrence  in  the  urine  ami  formation  in  the  organism  have 
been  the  subject  of  numerous  investigations,  occur  in  the  urine  espe- 
cially in  diabetes  mellitus,  but  also  in  many  other  diseases.*  According  to 
Y.  Jaksch  and  others  acetone  is  a  normal  urinar>'  constituent,  though  it 
may  occur  only  in  ver>^  small  amounts  (0.01  gram  in  twenty-four  hours). 

In  regard  to  the  origin  oi  these  btuhes  it  was  previously  considered  that 
they  w*ere  protluced  by  an  increased  tlcstruction  of  proteid.  One  of  the 
various  reasons  for  this  was  the  increase  in  tlie  eUmination  of  acetone  and 
acct^acteic  acid  during  inanition  (v.  Jaksch,  Fr.  Mullkh  *),  This  stands 
also  in  good  accord  with  tlie  ubservations  that  a  considerable  increase  in 
the  quantity  of  acetone  and  acetoacetic  acid  eliminated  Is  observed  in 
such  diseases  as  fevers^  diabetes,  digestive  disturbances,  mental  diseases 
with  abstinence  and  cachexia,  where  the  body  pr<iteid  is  largely  destroyed. 
The  formation  of  acetone  bodies  from  proteid  is  also  indicated  by  the  fact 
that  acetone  has  been  obtained  as  an  oxidation  product  from  gelatine  and 
proteid  (Blumextual  and  Neuberg,  Orgler  *).  On  the  other  hantl,  the 
factSr  as  shown  by  Weixtraud  and  Palma,  that  no  parallelism   exists 

^  Handhuch  d.  physiol  u.  patliol  chem.  Analyse,  6,  Aiifl.,  19fi, 

^  III  regard  to  the  extenaive  hterature  on  acetone  bodies  the  reader  is  referred  to 
Huppert-Nentiauer,  Harn- Analyse,  10.  Aufl.,  and  v.  Ncx>rden*s  Lehrb,  d.  Pathol  des 
Stoffwochsds,     Berim,  1S93. 

'  V,  Jaksch,  t'eher  Acctomirie  und  Diaceturie.  Berlin,  1885;  Fr  Muller,  Bericht 
uber  die  Ergebniase  des  an  Cetti  ausgefuhrten  Hungervereuches,  Berlin,  klin.  Wochen- 
schr,  1887, 

*  Blumen thill  and  Neuberg,  Deutach,  med.  Wochenschr,,  1901;  Orgler,  Hofmeia- 
ter's  Beitriige,  1 


574 


VmNE. 


between  the  acetone  and  nitrogen  excretion  in  diabetics  as  claimed  espe- 
eialiy  by  Wright,  and  that  in  man  no  certain  relationsiiip  exists  beti^een 
thes^e  two  values,  show  that  no  such  origin  of  acetone  bodies  exists.  In 
man  the  excretion  of  acetone  does  not  increase  with  the  rise  in  the  quan- 
tity of  proteid  and  an  increase  in  the  latter  abu\'e  the  average  caiisps  & 
diminution  in  the  elimination  of  acetone  (Hoskxfeld,  Hjrschffxd,  Fil 
Voir  ^).  At  tlic  present  time  the  tendency  is  more  and  more  to  the  view 
that  the  acetone  bodies  do  not  orit^inate  from  the  ]>roteids  but  from  the 
fats;  if  they  are  not  the  only  source  they  are  at  least  the  most  important. 

The  carbohydrates  have  a  strong  influence  on  the  elimination  of  ace- 
tone, namely  I  the  exclusion  of  carbohydrates  from  tlie  foo<l,  or  the  dimi- 
nution in  their  amovmt,  causes  an  increased  elimination,  while  abuiidaiit.'e 
of  carbohydrates  decreases  the  quantity  considerably,  or  even  causes  a  dis- 
apiieararice.     The  increased  excretion  of  acetone  with  carbohydrate  star- 
vation occurs  also  in  healthy  indi\'iduals  with  a  fat-rich  diet,  or  on  ibe 
supply  of  sufficient  calories  in  other  ways  (alimentary  acetonuria);  and 
if  the  format iou  of  acetone  from  proteids  is  not  acceptal  it  must  be  ad- 
mitteil  as  regards  fats.     As  proof  for  this  there  are  certain  casc«  of  diakt^^ 
with  strong  elimination  of  acetone  bodies  (/?-oxybutyric  acid)  where  the 
quantity  of  proteid  transformed  was  too  small  to  account  for  the  a<*eti>np 
bodies  (MagxuS'Levy).     Certain  investigators  (Geelmuvdkn%  SchwarXi. 
Waldvogel  ')  have'alsQ  observed  an  increase  in  the  acetxmuria  on  par- 
taking of  fatty  food. 

There  is  no  douht  that  the  fats  bear  a  certain  relationship  to  the  twe- 
tone  bodies,  and  that  they  are  probably  in  part  the  soiure  of  the  sauie. 
It  has  not  been  proven,  on  the  contraiy,  that  the  fats  are  the  only  or  the 
most  important  stmrce  of  the  acetone  bodies.  Still  it  is  certain  that  in 
man,  insufficient  mtroduction  or  utilization  of  carbohydrates  may  lead  lo 
a  large  or  small  acetone  excretion,  and  that  these  c(niditioas  exist  in  <ha- 
betes  as  well  as  in  starvation,  and  also  in  the  above-mentione<l  diseased 
conditions. 

Ill  drawing  conclusions  aa  to  the  origin  of  the  acetone  bodies  it  nnist  not 
be  forgotten  that  the  conditions  are  distinctly  different  in  man  than  in  car- 
nivora  (Geelmuvden,  Fr.  Voit).  In  dogs  the  elimination  of  acetone 
botlies  is  not  increased  in  star\^ation,  but  is  refluced;  it  Is  inrreased  ^ith 
large  amounts  of  meat,  runs  parallel  with  the  nitrpgen  excretion,  and  is 
not  diminished  by  carl>ohydrat€s  (Fr.  Voit). 


1  Hirechfeld,  Zeitschr,  T  klin,  Mod.»  28;  Geelmiiydoti,  see  Maly'a  Jahresber^  85, 
and  Zcitschr.  f.  ph\^iol.  Chem,  23  and  2t»;  Weintmtid*  Arch.  f.  exp.  Path,  u,  Phann  » 
34;  PiUmii,  Zeitnchr.  f.  Heilkunde,  15;  Wright,  Maly's  Jahreshcr,  21  j  Ro^etifdd. 
Centralbl  f.  Jimtre  MpJ  ,  Iti;   Voit,  D<?iits<?h.  Arch,  f.  klin  Med.,  Wl 

'  Magnus- Levy f  Arch.  f.  pxp.  Pafh.  li  Pharrn  ,  42;  Goehuuyden,  I  c,  and  NonsL 
>rairazin  for  Lao^jcvidenskahpn,  1W141:  Schuarz,  Deutsch.  Arck  ^  klin,  Med.,  J 903; 
WaJdrogel,  Centralbl  f.  itmerti  ^Ved.,2tt. 
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/CH. 
Acetone,   0,11,0,   dimethylketone=CO^       ,  occurs,  as  above  stated, 

in  very  small  amounts  in  normal  urine.    In  diabetes  it  may  give  an  odor 
amilar  to  apples  or  fruit  to  the  urine  as  well  as  to  the  expired  air. 

Irrespective  of  the  alimentary  acetonuria  derived  from  the  food,  there 
occurs  an  increased  elimination  of  acetone,  as  above  stafed,  in  many  dis- 
eases, as  also  after  nervous  lesions,  certain  intoxications,  and  after  admin- 
istration of  phlorhizin  or  extirpation  of  the  pancreas  (v.  Merino  and  Min- 
kowski, Az6mar  *). 

Acetone  is  a  thin  water-clear  liquid  boiling  at  56.3^  C.  and  possessing  a 
pleasant  odor  of  fruit.  It  is  lighter  than  water,  with  which  it  mixes  in  all 
proportions,  also  with  alcohol  and  ether.  The  most  important  reactions 
for  acetone  are  the  following : 

LiEBEN  's  Iodoform  Test,    When  a  watery  solution  of  acetone  is  treated 
Vrith  alkali  and  then  with  some  iodo-potassium-iodide  solution  and  gently 
'Vrarmed  a  yellow  precipitate  of  iodoform  is  formed,  which  is  known  by  its 
odor  and  by  the  appearance  of  the  crystals  (six-sided  plates  or  stars)  under 
the  microscope.    This  reaction  is  very  delicate,  but  it  is  not  characteristic 
of  acetone.    Gunning's  modification  of  the  iodoform  test  consists  in  using 
an  alcoholic  solution  of  iodine  and  ammonia  instead  of  the  iodine  dissolved 
in  potassium  iodide  and  alkali  hydrate.     In  this  case,  besides  iodoform,  a 
black  precipitate  of  iodide  of  nitrogen  is  formed,  but  this  gradually  dis- 
appears on  standing,  leaving  the  iodoform  visible.    This  modification  has 
the  advantage  that  it  does  not  give  any  iodoform  with  alcohol  or  aldehyde. 
Oa  the  other  hand,  it  is  not  quite  so  delicate,  but  still  it  detects  0.01  milli- 
gram of  acetone  in  1  c.  c. 

Reynolds's  mercurio^xide  test  is  based  on  the  power  of  acetone  to  dis- 
solve freshly  precipitated  HgO.  A  mercuric-chloride  solution  is  precipi- 
tated by  alcoholic  caustic  potash.  To  this  add  the  liquid  to  be  tested, 
shake  well,  and  filter.  In  the  presence  of  acetone  the  filtrate  contains 
mercury,  which  may  be  detected  by  ammonium  sulphide.  This  test 
has  about  the  same  delicacy  as  Gunning  's  test.  Aldehydes  also  dissolve 
appreciable  quantities  of  mercuric  oxide. 

Legal's  Sodium  Nitroprusside  Test.  If  an  acetone  solution  is  treated 
with  a  few  drops  of  a  freshly  prepared  sodium  nitroprusside  solution  and 
then  with  caustic-potash  or  soda  solution,  the  licjuid  is  colored  ruby-red. 
Creatinine  gives  the  same  color;  but  if  he  mixture  is  saturated  with  acetic 
acid,  the  color  becomes  carmine  or  purplish  red  in  the  presence  of  acetone, 
but  yellow  and  then  gradually  p^reen  and  blue  in  the  presence  of  creatinine. 
With    this  test    paracresol   responds  v/ith  a  reddish-yellow  color,   which 

*  Az^mar,  "  Ac^tonurie  exp^rimentale. ' '  Travaux  de  physiologie,  1898  (laboratoire 
de  M.  le  professeur  E.  Hedon,  Montpellier). 
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becomes  light  pink  when  acidified  vnth  acetic  acid  and  cannot  be  mistakea 
for  acetone.  If  ammonia  is  employed  instead  of  the  caustic  alkali 
(Le  Nquel),  the  reaction  takes  place  with  acetone  but  not  with  aldehyde 
Pexz.oldt's  indigo  test  depends  on  the  fact  that  orthonitrobenzaldohvfle 
in  alkaline  solution  with  acetone  yields  indiG:o.  A  warm  saturate*]  and  tbcn 
cooletl  solution  of  the  aldehyde  is  treated  with  the  liquid  to  be  tested  for 
acetone  and  next  with  caustic  soda.  In  the  presence  of  acetone  the  liquid 
fii-st  l)Wonies  yellow,  then  green,  and  lastly  indigo  separates;  and  this  may 
be  dissolved  with  a  blue  color  by  shakin*?  with  chloroform.  L6  milligrams 
acetone  can  be  detected  by  this  test. 

B^LA  V,  Bitt6  '3  *  reaction  is  based  on  the  fact  that  on  adding  a  solution  nf 
me tadi nitrobenzene,  matie  alkaline  with  raustic  fiota^h,  to  acetone,  a  violct-ted 
color  is  produced  which  IjeromcH  t-herry-red  on  acidify ing  with  an  orpauir  acitlor 
metaphosphoric  acid.  Aldehyde  gives  a  similar  vi(»let-red  color  which  becomes 
yellowish-red  on  acidification.     Creatinine  does  not  give  this  reaction. 

CH, 

CO 

CH, 


Acetoacetic    acid,    C<HflO,,    acetylacetic    acid,  diacetic   ajcid= 


COOH 

This  acid  has  not  been  observed  as  a  physiological  constituent  of  the  urine. 
It  occurs  in  the  urine  chiefly  under  the  same  conditions  as  acetone*  Like 
acetone  the  acetoacetic  acid  occurs  often  in  children,  especially  ui  high 
feversj  acute  exanthema,  etc.  Diacetic  acid  decomposes  readily  mto 
acetone.  According  to  Araki  ^  it  is  probal)ly  prtiduced  as  an  iiitermecliate 
product  in  the  oxidation  of  j^5-oxy butyric  acid  in  the  organism.  The  three 
bodies  appearing  m  the  urine,  acetone,  acetoacetic  acid,  and  ^-oxybutyric 
acid,  stand  In  close  relationsliip  to  each  other. 

This  acid  is  a  colorless,  strongly  aciil  li(pud  which  mixes  with  water, 
alcohol,  and  ether  in  all  proportions.  On  heating  to  boiling  with  water, 
and  especially  with  acids,  this  acid  decomposes  into  carl>on  dioxide  and 
acetone,  and  therefore  gives  the  above-mentioned  reactions  for  acetone. 
It  differs  from  acetone  in  that  it  gives  a  violet'-red  or  bro%vnish-red  color 
T;\nth  a  dilute  ferric -chloride  solution.  For  the  detection  of  this  acid  we 
make  use  of  the  following  reactions  which  may  be  applied  directly  to  the 
urine. 

Gerhardt's  ReacHon.  Treat  lO-lo  c,  c.  of  the  urine  with  ferrie-chloride 
solution  until  it  fails  to  give  a  precipitate^  filter,  and  add  some  more  ferric 
chloride.  In  the  presence  of  acetoacetic  acid  a  wine-red  color  is  obtained* 
The  color  becomes  paler  at  the  room  temperature  within  twenty-four 
hours,  but  more  quickly  on  boilijig  (difTering  from  salicylic  acid,  phenol, 


*  Antial.  d.  Chem  u  Phann.,  Sim. 
'  Zeiiachi.  C.  phyBioL  Cheiu.,  18. 
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sulphocyanides).  A  portion  of  the  urine  slightly  acidified  and  boiled  does 
not  give  this  reaction  on  account  of  the  decomposition  of  the  acetoacetic 
acid. 

Arnold  arid  Lipliawsky's  Reaction,  6  c.  c.  of  a  solution  containing 
1  gram  of  p-aminoacetophenone  and  2  c.  c»  of  concentrate*!  hydrochloric  acid 
in  100  c.  c.  (if  water  are  mixetl  with  3  c.  c.  of  a  1  per  cent  potassium-nit  rite 
soUition  and  then  treatal  with  an  ec|ual  volunte  of  urine.  A  few  drops 
of  coiicentrateii  ammonia  are  now  adde<l  and  violently  shaken.  A  brick- 
red  coloration  is  obtaineiL  Then  take  10  tlrops  to  2  c.  c.  of  tliis  mixture 
(according  to  the  quantity  of  acetoacetic  acid  in  the  urine),  add  15-20  c.  c, 
HCl  of  sp,  gr.  1.19, 3  c*  c.  of  chlorofonn,  and  2-4  drops  of  ferric-chloride  solu- 
tion and  mix  without  iihaking.  In  the  presence  of  acetoacetic  acid  tlie 
chloroform  is  colored  violet  or  blue  (otherwise  only  j-^ellomsh  or  faintly 
red).  This  reaction  is  more  delicate  than  the  preceding  test  and  reacts 
witfi  0.04  p.  m.  acetoacetic  acid.  Large  amounts  of  acetone  (but  not  the 
quantity  occurring  in  urines)  give  thl^  reaction  according  to  Allard.* 

Detection  of  Acetone  and  Acetoacetic  Add  in  the  Urine,  Before  testing 
for  acetone  te>st  for  acetoacetic  acid ;  as  this  acid  gradually  decomposes  on 
allowing  the  nrine  to  stand,  the  specimen  must  be  as  fresh  as  possible.  In 
the  presence  of  acetoacetic  acid  the  nriiie  gives  the  above- mentione<l  tests. 
In  testing  for  acetone  in  the  presence  of  acetoacetic  acid  make  the  urine 
slightly  alkaline  ami  shake  in  a  separator}^  funnel  with  ether  free  frr>m 
alcohol  and  acetone.  Remove  the  ether  and  shake  it  with  water,  which 
takes  up  the  acetone  and  test  for  acetone  in  the  watery  solution. 

In  the  alisence  of  acetoacetic  acid  the  acetone  may  be  tested  for 
directly  in  the  urine;  this  may  be  done  by  Penzoldt's  test.  Tills  test, 
which  is  only  ai>proximate,  is  of  value  only  when  the  urine  contains  a 
considerable  amount  of  acetone.  For  a  more  accurate  test  we  distill  at 
least  2-^)  c,  c.  of  the  urine  faintly  acidified  with  sulphuric  acid,  care  being 
taken  to  have  a  goml  condensation.  Most  of  the  acetone  is  contained  in 
the  first  10--20  c.  c.  of  the  distillate.  A  sure  result  may  be  obtaineti  by 
distilling  a  large  f|uantity  of  urine  mitil  about  ^V  ^^^  been  distilled  off, 
acidify  the  distillate  wit!i  livdrochloric  acid,  redistill  and  repeat  this 
several  times,  collecting  the  first  portion  of  each  distillation.  The  final 
distillate  is  used  for  the  above  reactions.' 

The  qiimititaHve  estimation  of  acetone  in  the  urine  is  done  by  converting 
it  first  into  iodoform.  The  urine  is  acidifies  1  with  acetic  acid  (according  to 
HuppERTj  1-2  c.  c.  50  per  cent  acetic  acid  for  ever\"  KMl  c.  c.  urine)  and 
distillaL  Tlie  quantity  of  acetone  in  the  distillate  is  best  determined 
according  to  Messinqeii  and  Huppert's  method  l)y  determining  volu- 
metrically  the  quantity  of  iotline  used  in  the  formation  of  iodoform.  In 
regard  to  this  method  and  its  execution  the  reader  is  referred  to  Hu ppert- 
Neubaueh." 


I  Arnold,   Wien.   kirn.   WcMihenachr. »   1899,  and  CentralbL   f.   uinere  Mtnl..   1900; 
LLpliawaky,  Deut^ch.  med.  Wochenschr,  1901 ;  Allard,  Berl  Uin.  Wochenachr. ,  1901. 
'  See  aJik>  Salkowski,  Pfliii^er's  Arch.,  56. 
*  Harnanalyse,  700»  and  also  Geplmuydcn.  Zeitechr.  f,  anal.  C*hcm.,  35. 
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/J-Oxybutyric  Acid,  C^H^Oj^  CHOH.    The  appearance  of  this  acid  m  the 

CH, 
CO()H 

urine  was  first  positively  shown  by  Minkowski,  Kulz,  and  Stadelmakk.^ 
It  occurs  esjiecially  io  severe  cases  of  diabetes,  when  it  may  form  the  largest 
portion  of  the  acetone  bodies  (Magnus-Levy,  Gee LMttVDEx).  It  hasako 
been  observ^ed  in  scarlet  fever,  measles,  in  scurvy,  and  in  diseases  of  the  hrm 
with  abstinence.     It  seenLs  to  l>c  always  accompanie<l  with  acetoacctic  arid. 

The  ^-oxybutyric  acid  ordinarily  forms  an  odorless  syrup,  but  may  iik> 
be  obtained  as  cr>*stals.  It  is  readily  soluble  in  water,  alcohol,  and  ether. 
It  is  laworotaton^ ;  (a)D=  —24  J 2^  for  solutions  of  1-11  per  cent  and  has 
a  disturbing  action  upon  the  detennination  of  sugar  by  means  of  the 
polariscope.  It  is  not  precipitated  by  basic  lead  acetate  or  by  ammoniacal 
lead  acetate,  neither  does  it  fennent.  On  boiling  ^^ith  water,  es|>ecialk  in 
the  presence  of  a  mineral  acid,  this  aci^l  decomposes  into  a-crototiic  acid, 
which  mdu  at  71-72° C,  and  water:  CHj.CH(0H).CH3.CC>0H-H,0+ 
CIIg.CHrCH.COOH.  It  yields  acetone  on  oxidation  with  a  chit>mic-acid 
mixture, 

Dekclion  of  i3-0xy!ndync  Add  in  the  Urine.  If  a  urine  is  still  Wvo- 
gyrate  after  fermentation  witli  yeast,  the  presence  of  oxybutyric  acid  is 
probable,  A  further  test  may  be  maile,  according  to  Kf  lz,  V>y  evaporating 
the  fermented  urine  to  a  syni|>,  and,  after  the  addition  of  an  equal  volume 
of  concentrated  sulphuric  acid,  dlstilliog  directly  without  cooling,  a-cra- 
tonic  acid  is  produce^I  which  distills  over,  and.  after  collecting  in  a  test^ 
tube,  crystals,  which  melt  at  -f72°C,,  separate  on  e(M»ling.  If  no  ery^stals 
are  obtaineii,  shake  the  distillate  with  ether,  evai>orate,  aiul  test  the  melt- 
ing-point of  the  residue  which  has  been  washed  with  the  water.  Accord- 
ing to  Minkowski  the  acid  may  be  is<dateil  as  a  silver  salt,^ 

The  QuftntiUdivc  Estimatwn  may  be  ]>erformeti  as  follows,  according 
to  Behgell:  ^  100-300  c,  c.  of  the  sugar-free  urine  nr  fermented  urine 
is  made  slightly  alkaline  with  scKliuni  carbonate  and  concentratefl  to  a 
synip.  This,  ou  cooling,  is  nibbed  with  synipy  jdio^phoric  acid  (keeping 
it  cool),  anhydrous  copper  sulphate  (20-36  grams),  and  fine  sand,  and  the 
dry  mass  thorrmgldv  extractal  with  anhydrous  ether  in  an  extraction 
anparatus.  The  rc^sidue  after  the  evaporation  of  the  etVer  Is  dissc^lved 
in  water  and  decolorizE*<i,  if  necessar}\  with  animal  charcoal,  and  the  quan- 
tity of  the  acid  calculated  fmra  the  jKilarization.  Other  methods  have  bcim 
suggested  by  Darmstadter,  Bdeke^man  and  Bouma.* 


'Minkowski,  Arch,  f,  ex  p.  Path.  u.  Phann,,  18  and  1ft;    Stadelmann,  t^wl,  17; 
Kiilz,  Z  ^itschr.  T  Biologie,  20  and  23. 

*  Arch.  f.  exp.  Path.  u.  Phami.,  tS,  35;  Zeit^chr.  f.  anal.  Chem.,  24,  153. 
'  Zeitsohr  f,  physioL  Chem.,  3^i 

*  Darmstadter,  thid.^  37,  Boekelman  and  Boama,  see  Maly*s  Jahresber,  311. 


DIAZO  REACTION.  579 

Ehruch's  *  Urine  Test.  Mix  250  c.  c.  of  a  solution  which  contains  50  c.  c. 
HG  and  1  gram  of  sulphanilic  acid  in  one  liter  with  5  c.  c.  of  a  i  per  cent  solution 
of  sodium  nitrite  (which  produces  very  little  of  the  active  body,  suli)hodiazo- 
b?azene).  In  performing  this  test  treat  the  urine  with  an  equal  volume  of  this 
rai'iture  and  then  supersaturate  with  ammonia.  Normal  urine  will  become 
y&Uow  thereby,  or  orange  after  the  addition  of  ammonia  (aromatic  oxyacids  may 
sometimes  after  a  certain  time  give  red  azo  bodies  which  color  the  upper  layer  of 
the  phosphate  sediment).  In  pathological  urine*?  there  sometimes  occurs  (and  this 
IS  the  characteristic  diazo  reaction)  a  primary  yellow  coloration,  with  a  very 
marked  secondary  red  coloration  on  the  addition  of  ammonia,  and  the  froth  is 
also  tin^d  with  red.  The  upper  layer  of  the  sediment  becomes  greenish.  The 
body  which  gives  this  reaction  b  unknown,  but  it  occurs  especially  in  the  urine 
of  typhoid  patients  (Ehrlich).  Opinions  differ  in  regard  to  the  significance  of 
this  reaction.  The  fact  that  the  oxyproteic  acid  gives  this  reaction  as  above 
stated  (page  524)  is  of  inte  est. 

Another  urine  test  suggested  by  Ehrlich  consists  in  adding  a  hydrochloric 
acid  containing  2  per  cent  dimethylaminobenzaldehyde  to  the  urine;  normal  urines 
are  colored  faintly  red,  while  certain  pathological  urines  become  cherry-red. 
Thb  reaction  (who?e  cause  is  not  known  ^)  has  still  no  practical  importance. 

Roseniiach's  urine  test,  which  consists  in  adding  nitric  acid  drop  by  drop 
to  the  boiling-hot  urine  and  obtaining  a  claret-red  coloration  and  a  bluish-red 
foam  on  shaking,  depends  upon  the  formation  of  indigo  substances,  especially 
iQdi2:o  red." 

Fal  in  the  Urine.  The  elimination  of  a  urine  which  in  appearance  and  rich- 
ness in  fat  resembles  chyle  is  called  chyluria.  It  habitually  contains  proteid  and 
often  fibrin.  Chyluria  occurs  mostly  in  the  inhabitants  of  the  tropics.  Lipuria, 
or  the  elimination  of  fat  TNith  the  urine,  may  appear  in  apparently  healthy  persons, 
sometimes  with  and  sometimes  without  albuminuria,  m  pregnancy,  and  also  in 
certain  diseases,  as  in  diabetes,  poisoning  with  phosphorus,  and  fatty  degeneration 
of  the  kidneys. 

Fat  is  usually  detected  by  the  microscope.  It  may  also  be  dissolved  with 
ether,  and  may  invariably  be  detected  by  evaporating  the  urine  to  dryness  and 
extracting  the  residue  with  ether. 

Cholesterin  is  also  sometimes  found  in  the  urine  in  chyluria  and  in  a  few  other 
cases. 

Leucin  and  Tyrosin.  These  bodies  are  found  in  the  urine,  especially 
in  acute  yellow  atrophy  of  the  liver,  in  acute  phosphorus-poisoning,  and 
in  severe  cases  of  typhoid  and  smallpox. 

Detection  of  Ijeucin  and  Tyrosin,  Tyrosin  occurring  as  a  sediment  may  be 
identified  by  means  of  the  microscope;  but  if  a  i)<)sitive  proof  is  desired,  a  recrys- 
tallization  of  the  same  from  ammonia  or  ammoniacal  alcohol  is  necessary. 

To  detect  both  these  bodies  when  they  occur  in  solution  in  the  urine,  proceed 
in  the  following  manner:  The  urine  free  from  proteid  is  precipitated  by  basic  lead 
acetate,  the  lead  removed  from  the  filtrate  by  HjS,  and  the  solution  concentrated 
as  much  as  possible.  The  residue  is  extracted  with  a  small  quantity  of  absolute 
alcohol  to  remove  the  urea.  The  residue  is  then  boiled  >vith  faintly  ammoniacal 
alcohol,  filtered,  the  filtrate  evaporated  to  a  small  volume  and  allowed  to  crys- 
tallize.    If  no  tyrosin  crj''stal3  are  obtained,  then  dilute  with  water,  pre(!ipitate 

^  Elhrlich,  Zeitschr.  f.  kiin.  Med.,  5.  See  also  Clemens,  Deutsch.  Arch.  f.  klin. 
Med.,  63  (literature). 

'See  Proscher,  Zeitschr.  f.  ph3rsioL  Chem.,  31,  and  Clemens,  Deutsch  Arch.  f. 
klin.  Med.,  71. 

*See  Roein,  Virchow's  Arch.,  128. 
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Bgam  nith  basic  lead  a^tate,  and  proceed  as  before.  If  tyrodn  crystals  oot 
separate^  they  are  filtered,  and  the  filtrate  still  further  concentrated  to  obl&ifl 
the  leuciti  cr}'stals. 

Cystin  (see  page  74).    Baumann  and  Goldmakn  ^  claim  that  a  sub- 
stance similar  to  cystin  occurs  in  very  small  amounts  in  normal  urine. 
This  substance  occurs  in  large  quantities  in  the  urine  of  dogs  after  poLsoa- 
ing  with  phosphorus*     Cystin  itself  is  only  found  T;\ith  jx>sitivenes8.  and 
even  then  very  rarely,  in  urmar>^  calculi  and  in  pathological  urines,  from 
wliich  it  may  separate  as  a  sediment.    Cystinuria  occurs  oftener  in  men 
than  in  women.     Bauxlvxn  and  v.  UdrAnszky  found  in  uriiie  incx-stinuria 
the  two  diamines,  cadaverin  (pentamethylendiamine)  and  putrescin  (tetra- 
methylendiamine) ,  which  are  producetl  in  the  putrefaction  of  protaik. 
These  two  diamines  were  also  found  in  the  contents  of  the  intestine  in 
cystinuria,  while  under  normal  conditions  they  are  not  present.    Hamuab.- 
STEN   therefore  considers  that   perhaps   some  connection  exists  between 
the  formation  of  diamines  in  the  intestine,  by  the  peculiar  putrefaction 
in  cystinuria,  and  cystinuria  itself.     Cases  of   cystinuria,   even   without 
diamines  in  the  urine,  have  recently  been  ol>ser\'ed  and  reported  by  other 
investigators.     Diamines  are  only  seldom  found  in  the  urine  as  well  as 
in  the  feeccs,  which  perliaps  depends  upon  the  fact,  observ^ed  by  Cajoodge 
and  CiARROD,  that  the  diamines  occur  only  occasionally  in  the  faeces.    The 
properties  and  reactions  of  cystin  have  been  given  on  page  75. 

C>'stin  is  easily  prepareti  from  cystin  calculi  by  dissolving  them  in 
alkali  carbonate,  precipitating  the  solution  with  acetic  acid,  and  redissolv- 
ing  the  precipitate  in  ammonia.  The  cystin  cr^'stallizes  on  the  spontAne- 
ous  evaporation  of  the  aniioiinia.  The  cystin  dissolved  in  the  urine  is 
detected,  in  the  absence  of  proteid  and  sulphurette<l  hydrogen,  by  boiling  with 
alkali  and  testing  with  a  lead  salt  or  scHlium  nitropnisside.  To  Iscdate  cystin 
from  the  urine,  acidify  the  urine  strr»ngly  witli  acetic  acid.  The  precipitate 
containing  cystin  is  collecte<:l  after  twenty-four  hours  and  digested  with 
hydroehk»ric  acid,  which  tlLssolves  the  cystin  and  calcium  oxalate,  leaving 
the  uric  aciil  undissolvetl.  Filter,  supersaturate  the  filtrate  with  ammo- 
nium carbonate,  and  treat  the  precipitate  with  ammonia,  which  dissolves 
tlie  cystin  ami  leaves  the  calcium  oxalate.  Filter  again  and  precipitate 
with  acetic  acid.  The  precipitated  cystin  Is  identifiefl  by  the  microMcnpe 
and  the  above-mentioned  reactions.  Cystin  as  a  sediment  is  identified  by 
tlie  microscope.  It  must  lie  jjiirifietl  by  tlissohnng  in  ammonia  and  pre- 
ci|Htating  with  acetic  acid  and  then  tested.  Traces  of  dlsi^olved  cystin  raay 
be  dotectaJ  by  the  production  of  l>enzoyl-cystin,  according  to  *Bai:M-\>'N 
and  GoLDM.\XN. 


*  Baunmnn,  Zeltachr  f.  physiol.  Chem.,  S.  In  regard  to  the  literature  on  cystrn 
see  Brenzinger,  ibid,  16;  Baumann  and  Goldmann,  ibul.,  12;  Btiumaiin  and  v- 
Udrtlnszky*  ibid,  13;  Staclthaj^en  and  Bneger.  Berlin  klin.  Wochenschr..  1SS9;  Cam- 
mhJj<e  and  Garrod,  Joum.  of  Path,  a  BiWJtenol.  1900  (literature  on  the  diamines  in 
the  urine  und  ficcesV 
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TU.  Urinary  SedimeDts  and  Oalcnli. 

Urinary  sediment  is  the  more  or  less  abimdant  deposit  which  is  found 
m  the  urine  after  standing.  This  deposit  may  consist  partly  of  organized 
and  partly  of  non-organized  constituents.  The  first,  consisting  of  cells  of 
various  kinds,  yeast-fungi,  bacteria,  spermatozoa,  casts,  etc.,  must  be 
investigated  by  means  of  the  microscope,  and  the  following  only  applies 
to  the  non-organized  deposits. 

As  previously  mentioned  (page  462),  the  urine  of  healthy  individuals  may 
sometimes,  even  on  voiding,  be  cloudy  on  account  of  the  phosphates  present, 
or  become  so  after  a  little  while  because  of  the  separation  of  urates.  As  a 
rule,  urine  just  voided  is  clear,  and  after  cooling  shows  only  a  faint  cloud 
(nubecula)  which  consists  of  urine  mucoid,  a  few  epithelium-cells,  mucous 
corpuscles,  and  urate  particles.  If  an  acid  urine  is  allowed  to  stand,  it  will 
graduaUy  change;  it  becomes  darker  and  deposits  a  sediment  consisting  of 
uric  acid  or  urates,  and  sometimes  also  calcium-oxalate  crystals,  in  which 
yeast-fimgi  and  bacteria  are  often  to  be  seen.  This  change,  which  the 
earlier  investigators  called  ''acid  fermentation  of  the  urine,"  is  gener- 
ally considered  as  an  exchange  of  the  dihydrogen  alkali  phosphates  with 
the  urates  of  the  urine.  Monohydrogen  phosphates  besides  acid  urates 
or  free  uric  acid  or  a  mixture  of  both,  according  to  conditions,*  are  hereby 
formed. 

Sooner  or  later,  sometimes  only  after  several  weeks,  the  reaction  of  the 
original  acid  urine  changes  and  becomes  neutral  or  alkaline.  The  urine  has 
now  passed  into  the  ''alkaline  fermentation,"  which  consists  in  the 
decomposition  of  the  urea  into  carbon  dioxide  and  ammonia  by  means  of 
lower  organisms,  micrococcus  ureae,  bacterium  ure®,  and  other  bacteria. 
MuscuLUS  ^  has  isolated  an  enzyme  from  the  micrococcus  urese  which 
decomposes  urea  and  is  soluble  in  water.  During  the  alkaline  fermentation 
volatile  fatty  acids.,  especially  acetic  acid,  may  be  produced,  chiefly  by 
the  fermentation  of  the  carbohydrates  of  the  urine  (Salkowski  ').  A 
fermentation  by  which  nitric  acid  is  reduced  to  nitrous  acid,  and  another 
where  sulphuretted  hydrogen  is  produced,  may  sometimes  occur. 

When  the  alkaline  fermentation  has  advanced  only  so  far  as  to  render 
the  reaction  neutral,  there  often  occurs  in  the  sediment  fragments  of  uric- 
acid  crystals,  sometimes  covered  with  prismatic  crj'stals  of  alkali  urate; 
dark-colored  spheres  of  ammonium  urate,  crj^stals  of  calcium  oxalate,  and 
sometimes  crystallized  calcium  phosphate  are  also  found.  Cr\'stals  of 
ammonium-magnesium  phosphate  (triple  phosphate)  and  spherical  ammo- 
nium  urate   are   specially   characteristic   of   alkaline   fermentation.    The 

*  See  Huppert-Xeubauer,  10.  Aufl.,  and  A.  Ritter,  Zeitschr.  f.  Biologic,  35. 
'Musculus,  Pfliiger's  Arch.,  12. 
'Salkowski,  Zeitschr.  f.  physiol.  Chem.,  13. 
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urine  in  alkaline  fermentation  becomes  paler  and  is  often  covered  with  & 
fine  membrane  which  contains  amorphous  calcium  phosphate  and  , 
ing  cn^stals  of  triple  phosphate  and  numerous  mictx)-oi^anisms. 

Ron-organized  Sediments* 

Uric  Acid.  This  acid  occurs  in  arid  urines  as  colored  cr^^tals  which  are 
identified  partly  by  their  form  and  jvartly  by  their  property  of  giving  the 
murexid  test.  On  wanning  the  urine  they  are  not  dissolved.  On  the 
addition  of  caustic  alkali  to  the  sediment  the  ciyst-als  dissolve,  and  when  & 
drop  f»f  this  solution  is  placed  on  a  microscope-slide  and  treated  with  a  drop 
of  hydrochloric  acid,  small  erj'stals  of  uric  acid  are  obtained  which  can  be 
easil}^  seen  under  the  microscope. 

Acid  Urates,  These  occur  only  in  the  sediment  of  acid  or  neutral 
urines.  They  are  amorphous,  clay -yellow,  brick-red,  rose-coloredt  or 
brownish-red.  They  differ  from  other  sediments  in  that  they  difiBolve  on 
warming  the  urine.  They  give  the  murexid  test,  and  small  microscopic 
crystals  of  uric  acid  separate  on  the  addition  of  hydrochloric  acid.  Co-s- 
talhne  alkali  urates  occur  very  rarely  m  the  urine,  and  as  a  rule  only  in 
such  as  ha%'e  become  neutral  but  not  alkaline  by  alkaline  fermentation. 
The  crystals  are  somewhat  similar  to  those  of  neutral  calcium  phosphate; 
they  are  not  dissolved  by  acetic  acid,  however,  but  give  a  Uoudiness  there- 
with due  to  small  crystals  of  uric  acid. 

Ammomum  urate  may  indeed  occur  as  a  sediment  in  a  neutral  urine    i 
which  at  first  was  strongly  acid  and  has  become  neutralizetl  by  the  alkaline 
fermentation,   but  it  Is  only  characteristic  of  ammoniacal  urines.    This    | 
sediment  consists  of  yellow  or  brownish  rounded  spheres  which  are  often  I 
covered  with  thorny-shaped  prbras  and,  because  of  this,  are  rather  large  •' 
and  resemble  the  th<jrn-apple.     It  gives  the  murexid  test.     It  is  diss*i3becl 
by  alkalies  with  the  development  of  ammonia,  and  cr>'stals  of  uric  acid 
separate  on  the  addition  of  hydrochloric  acid  to  this  solution. 

Caldum  or^lnie  occurs  in  the  sediment  generally  as  small,  shining, 
strongly  refnicti^'e  quadratic  octahedra,  %vhich  on  microscopical  examina- 
tion remind  one  of  a  letter-envelope.  The  crystals  can  only  be  mi»l 
for  small,  not  fully  developed  cr>^sta!s  of  ammonium-magnesium 
phate.  They  differ  from  these  by  their  insolubility  in  acetic  acid.  The 
oxalate?  may  also  occur  as  flat,  oval*  or  nearly  circular  disks  with  i^entral 
cavities  which  from  the  side  appear  like  an  hour-glass.  Calcium  oxalate 
may  occur  as  a  sediment  in  an  acid  as  well  as  in  a  neutral  or  alkaline  urine. 
The  ouantity  of  calcium  oxalate  separated  from  the  urine  as  sediment 
den^r.ds  not  only  upon  the  amount  of  this  salt  present,  but  also  upon  the 
acidity  of  the  urine.  The  solvent  for  the  oxalate  in  the  urine  seems  to  be 
the  di-acid  alkali  phosphate,  and  the  greater  the  quantity  of  this  salt  in  the 
urme  the  greater  the  quatilily  ol  o"3v.a\«t\e  m  'acfvvsXAaw.    Whan,  as  previously 
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znentioned  (page  581),  the  simple-acid  phosphate  is  formed  from  the  di-acid 
phosphate,  on  allowing  the  urine  to  stand,  a  corresponding  part  of  the  oxa- 
late may  be  separated  as  sediment. 

Calcium  carbonate  occurs  in  considerable  quantities  as  sediment  in  the 
urine  of  herbivora.  It  occurs  in  but  small  quantities  as  a  sediment  in 
luman  urine,  and  in  fact  only  in  alkaline  urines.  It  either  has  almost  the 
tame  appearance  as  amorphous  calcium  oxalate  or  it  occurs  as  somewhat 
laiger  spheres  with  concentric  bands.  It  dissolves  in  acetic  acid  with  the 
generation  of  gas,  which  differentiates  it  from  calcium  oxalate.  It  is  not 
yellow  or  brown  like  ammonium  urate,  and  does  not  give  the  murexid 
test. 

Caleivm  sulphate  occurs  very  rarely  as  a  sediment  in  strongly  acid  urine.    It 
4i]^)earB  as  long,  thin,  colorless  needles,  or  generally  as  plates  grouped  together. 

Calcium  Phosphate.  The  CALauM  triphosphate,  Ca3(P04)3,  which 
occurs  only  in  alkaline  urines,  is  always  amorphous  and  occurs  partly  as  a 
colorless,  very  fine  powder  and  partly  as  a  membrane  consisting  of  very 
fine  granules.  It  differs  from  the  amorphous  urates  in  that  it  is  colorless, 
dissolves  in  acetic  acid,  but  remains  undissolved  on  warming  the  urine. 
CALauM  DIPHOSPHATE,  CaHP04+2HjO,  occurs  in  neutral  or  only  in  very 
faintly  acid  urine.  It  is  found  sometimes  as  a  thin  film  covering  the  urine 
and  sometimes  as  a  sediment.  In  crystallizing,  the  crystals  may  be  single, 
or  they  may  cross  one  another,  or  they  may  be  arranged  in  groups  of  color- 
less, wedge-shaped  crystals  whose  wide  end  is  sharply  defined.  These  crys- 
tals differ  from  crystalline  alkali  urates  in  that  they  dissolve  without  a 
residue  in  dilute  acids  and  do  not  give  the  murexid  test. 

Amm^miumrmagnesium  phosphate,  triple  phosphate,  may  separate 
from  an  amphoteric  urine  in  the  presence  of  a  sufficient  quantity  of  am- 
monium salts,  but  it  is  generally  characteristic  of  a  urine  which  is  ammo- 
niacal  through  alkaline  fermentation.  The  crystals  are  so  large  that  they 
may  be  seen  with  the  unaided  eye  as  colorless  glistening  particles  in  the 
sediment,  on  the  walls  of  the  vessel,  and  in  the  film  on  the  surface  of  the 
urine.  This  salt  forms  large  prismatic  crystals  of  the  rhombic  system 
(coflSn-shaped)  which  are  easily  soluble  in  acetic  acid.  Amorphous  magne- 
sium triphosphate y  Mg3(P04)2,  occurs  with  calcium  triphosphate  in  urines 
rendered  alkaline  by  a  fixed  alkali.  Crystalline  magnesium  phosphate, 
M,^s(P04)2+22H20,  has  been  observed  in  a  few  cases  in  human  urine  (also 
in  horse 's  urine)  as  strongly  refractive,  long  rhombic  plates. 

Kyestein  is  the  film  which  appears  after  a  little  while  on  the  surface  of  the  urine. 
This  coating,  which  was  formerly  considered  as  characteristic  of  urine  in  preg- 
nancy, contains  various  elements,  such  as  fungi,  vibriones,  e])ithelium-cells,  etc. 
It  often  contains  earthy  phosphates  and  triple-phosphate  crystals. 

As  more  rare  sediments  we  find  cystine  tyrosin,  hippuric  acid,  xanthine,  hfpma" 
toidin.  In  alkaline  urine  blue  crystals  of  indigo  may  also  occur,  due  to  a  decom- 
position of  indoxyl-glucuronic  acid. 
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Urinary  Calculi. 

Besides  certain  pathological  constituents  of  the  urine,  all  those  urin- 
ary constituents  which  occur  as  sediments  take  part  in  the  formation  of 
urinan-  calculi.  Ebsteix  *  considers  the  essential  difference  betwe<:*a  jin 
amorphous  or  cn^stalhne  sediment  in  the  urine  on  one  side  and  urinaiy 
sand  or  large  calculi  on  the  other  to  be  the  occurrence  of  an  organic  fran:^' 
in  the  latter.  As  the  sediments  which  appear  in  normal  acid  urine  and 
a  urine  alkaline  through  fermentation  are  different,  so  also  are  the  urinarv 
calculi  which  appear  under  corresponding  conditions. 

If  the  formation  of  a  calculus  and  its  further  dev^elopment  take  place  i 
an  undecomposed  urine,  it  is  called  a  phimarv  formation.  11,  on  the  con 
trar}%  the  urine  has  undergone  alkaline  fermentation  and  the  ammon!a 
formed  thereby  has  given  rise  to  a  calculus  fonnation  by  preeipitatin: 
ammoniura  urate,  triple  phosphate,  and  earthy  phosphates,  tlien  it  Ls  caUe^i 
a  SECOXDART  formation.  Such  a  formation  takes  place^  for  instance,  when 
a  foreign  body  in  the  bladder  produces  catarrh  accompanied  by  alkaline 
fermentation. 

We  discriminate  between  the  nucleus  or  nuclei — if  such  can  be  seen— 
and  the  different  layers  of  the  calculus.  The  nucleus  may  be  esssentittllr 
different  in  different  cases,  for  quite  frequently  it  consists  of  a  foreign  body 
introduced  into  the  bladder.  The  calculus  may  have  more  than  one  nu- 
cleus. In  a  tabulation  made  by  Ultzmann  of  bib  cases  of  urinar}^  calculi, 
the  nucleus  in  80.9  per  cent  of  the  cases  consLst-ed  of  uric  acid  (and  urat<*j?); 
in  5.6  per  cent,  of  calcium  oxalate;  in  8.G  per  cent,  of  earthy  phosphates; 
in  I A  per  cent,  of  cystin;   and  in  3.3  per  x^ent,  of  some  foreign  body* 

During  the  growth  of  a  calculus  it  often  happens  that,  for  some  rea^tn 
or  other,  the  original  calculus-forming  substance  is  covered  with  another 
layer  of  a  different  substance.     A  new  layer  of  the  original  substaiice  niav 
deposit  on  the  outside  of  this,  and  this  process  may  be  repeated.     In  this 
way  a  cakndus  consisting  originally  of  a  simple  stone  may  be  converted  luw 
a  so-called  compound  stone  mth  several  layers  of  different  substances* 
Such  calcuU  are  always  formed  when  a  primary  is  changed  into  a  secondaiy 
formation.     By  the  continued  action  of  an  alkaline  urine  containin;;  pus, 
the  primar^^  constituents  of  an  originally  primarj^  calculus  may  be  partly 
dissolved  and  be  replaced  by  phosphates.     Metamorphosed  urinary  calculi 
are  formed  in  this  way. 

Uric'<2Cid  caladi  are  very  abundant.  They  are  variable  in  siie  and 
form.  The  size  of  the  bladder-stone  varies  from  that  of  a  pea  or  bean  to 
that  t»f  a  goose-egg.  Uric-acid  stones  are  always  colored;  generally  they 
are  grayish-yellow,  yellowish-brown,  or  pale  red-brown.    The  upper  surface 


*  Die  Xatur  und  Beh-uidlung  dcr  lliirn>itt'ine.     Wiesbaden.  ISSJ. 
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is  sometimes  entirely  even  or  smooth^  sometimes  rough  or  uneven.  Next 
to  the  oxalate  calculus,  the  uric-acid  calculus  is  the  hardest.  The  fractured 
surface  shows  regular  concentric,  unequally  colored  layers  which  may  often 
be  removed  as  shells.  These  calculi  are  formed  primarily.  Layers  of  uric 
acid  sometimes  alternate  with  other  layers  of  primar>'  formation,  most 
fre<:juently  with  lasers  of  calcium  oxalate.  The  simple  uric-acid  calcuki3 
leaves  ver}'  little  residue  when  burnt  on  a  platinum  foil.  It  gives  the 
miirexid  test,  but  there  is  no  material  development  of  ammonia  when 
aet^d  on  by  caustic  soda. 

Amnmnium^uratc  calculi  occur  as  primarj^  calcuU  in  new*-born  or  nure- 
ing  infant^i  rarely  in  grown  persons.  They  often  occur  as  a  secondary 
formation.  The  primary  stones  are  small,  with  a  pale-yellow  or  dark- 
yellow^ish  surface.  When  moist  they  are  almost  like  dough;  in  the  dry 
state  they  are  earthy^  easily  crumbling  into  a  pale  powder.  They  give  the 
murexid  test  and  develop  nmch  ammonia  with  caustic  s^xla. 

Calcium-oxalate  calculi  are»  next  to  uric-acid  calculi,  the  most  abundant. 
They  are  either  smooth  and  small  (hemp-seed  calcuu)  or  larger,  of  the 
size  of  a  hen's  egg,  with  rough,  uneven  surface,  or  their  surface  is  covered 
with  prongs  {mulberrv  calculi).  These  calculi  produce  bleetling  easily, 
and  therefore  they  often  have  a  dark-browTi  surface  due  to  decomposed 
blood-coloring  matters.  Among  the  calculi  occurring  in  man  these  are  the 
hardest.  They  dissolve  in  hydrochloric  acid  without  developin;;  gas,  but 
are  not  soluble  in  acetic  acid.  After  gently  heating  the  powder,  it  dissolves 
in  acetic  acid  with  frothing.  With  more  intense  heat  it  becomes  alkaline, 
due  to  the  production  of  quicklime. 

Phosphate  Calculi.  These,  which  consist  mainly  of  a  mixture  of  the 
normal  phtjsphatc  of  the  alkaline  earths  with  triple  phosphate,  may  be  very 
large.  They  are  as  a  nde  of  secondary'  formation  and  contain  besides 
these  phosphates  also  some  ammonium  urate  and  calcium  oxalate.  These 
calcidi  ordinarily  consist  of  a  mixture  of  three  constituents^ — earthy 
phosphate,  triple  phosphate,  and  ammonium  urate— surrounding  a  fi) reign 
body  as  a  nucleus.  Their  color  is  variable — ^white,  ding}^  w^hite,  pale  yel- 
low, sometimes  violet  or  lilac-colored  (from  indigo  red).  The  surface  is 
always  rough.  Calculi  coiLsisting  of  triple  phosphate  alone  are  seldom 
found.  They  are  ordinarily  small,  with  granidar  or  radiat-ed  crj'-stalline 
fracture.  Stones  of  mono-acid  calcium  phosphate  are  also  seldom  obtained. 
They  are  white  and  have  beautiful  crj^stalline  texture.  The  phosphatic 
calculi  do  not  burn  up,  the  powder  dissolves  in  acid  without  effervescence, 
and  the  solution  gives  the  reactions  for  iihosphoric  acid  and  t!ie  alkaline 
earths.  The  triple-phosphate  calcuh  generate  ammonia  on  the  addition  of 
an  alkali. 

Calcium-earhonak  ralruH  occur  rhieily  in  herbivora.  They  arc  seklom  found 
in  man.  They  liave  mostly  chidky  properties,  and  are  ordinarily  white.  Tliey 
are  completely  or  in  great  part  dissolved  by  acids  with  effervescence* 
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CyBtin  cakuH  occur  bo*  seldom.  They  are  o*  primary  formation,  of  variom 
irizes,  somelinies  as  large  as  a  hen's  egg.  They  have  a  smooth  or  lough  suifwt, 
are  white  or  pale  yellow,  ami  have  a  cry^stalline  fracture.  They  are  not  very 
hard  and  are  coiisnmed  {.Imost  entirely  on  t  lie  platinum  foil,  burning  ^-ith  a  UuiaL 
flam '.     They  give  the  above-mentiniieil  reacti  im  for  rystin. 

Xanthine  calculi  are  very  rarely  found.  They  are  also  of  j»rimary  foiDfltm 
__icy  vary  from  the  size  of  a  pea  to  that  of  a  hen's  egg.  They  are  whitbh,  \-el- 
lowish-lirown  or  t-innamon-brown  in  color,  of  medium  hardnoi^,  \nth  amorphous 
friirture,  and  on  rubbing  appear  like  wax.  They  burn  up  e  mpletely  ifi-lien 
heatetl  on  a  platinum  foil.  They  give  the  xanthine  reaction  with  nitric  acid  aad 
alkah  but  this  must  not  l>e  mistaken  for  the  murexid  test. 

Urosieaiilk  calculi  have  been  observed  only  a  few  times.  In  the  moi^l  ftate 
they  are  soft  and  elastic  at  the  tern i^e rat ure  of  the  body,  but  in  the  dr\-  stat^-tbe? 
are  brittle,  with  an  amorphous  fracture  and  waxy  appearance.  They  bum  with 
a  luminous  liame  whfn  heated  on  platinum  foil  and  generate  an  odor  Kitnilur  to 
resin  or  shellac.  Such  a  calculus,  invest igatetl  by  Krukenbero/  consisted  of 
paraffine  derived  from  a  paraffine  bougie  u.st*<i  as  a  sound  on  the  patient.  Perhaw 
the  urostealith  calculi  observed  in  other  causes  had  a  similar  origin,  although  the 
subat  nces  of  which  they  consisted  have  not  been  clasely  studied.  Horbaciei*- 
8KI  has  reeently  analyzed  a  case  of  urostealith  which,  to  all  appearances,  wus 
formed  in  the  bladder.  This  calculus  contained  25  p.  m.  water,  8  p,  m.  inorpnic 
bodies,  117  p.  m.  boflies  insoluble  in  ether,  and  850  p.  m.  organic  bodies  soluble 
in  ether,  among  which  were  f>l»j  p.  m.  free  fatty  acids,  335  p.  m.  fat,  and  traces  of 
cholesterin.  The  fatty  acids  consisted  of  a  mixture  of  steari;,  pahnitic,  &nd 
probably  mjTistic  acids. 

HoRBACZEWSKi '  ha^  also  analyzed  a  bladder  stone  which  contained  958.7  p.  m. 
ckohskrin. 

Fibrin  calruli  SMmetimes  occur.  They  consist  of  more  or  less  changed  fibria 
coagulum.     On  burning  they  develop  an  odor  of  burnt  horn. 

The  chemical  invcsiigaU^n  of  urinan/  calctdi  is  of  great  practical  impor- 
tance. To  make  such  an  examination  actually  instructive  it  is  necessary  to 
inve8tic:ate  sej>arately  the  iliffereiit  layers  which  constitute  the  ralcnlus. 
For  this  purpose  saw  the  calculus,  previously  WTappeil  in  paper,  with  a  fine 
f^aw  so  that  the  nucleus  becomes  accessible.  Then  peel  off  the  different 
layers,  or,  if  the  stone  is  to  be  kept,  scrape  off  enough  of  the  powder  from 
each  layer  ft>r  exannnation.  This  powder  is  then  tested  by  heating  on  the 
platinum  foil.  It  must  not  be  forgotten  that  a  calculus  Ls  never  entirely 
Inirnt  up,  anci  also  that  it  is  never  so  free  from  organic  matter  that  on  heat- 
iu!*  it  th>es  not  carbonize.  Do  not,  therefore,  lay  too  great  stress  on  a  ven' 
insi'i:jiifieanl  unhurnt  residue  or  on  a  verv'  small  amount  of  or^^anic  inatten 
Init  consider  the  (*alcuUis  in  the  former  case  as  comidetely  burnt  and  in  the 
latter  as  unaffected. 

When  the  i>owder  is  in  great  part  burnt  up,  but  a  significant  quantity  of 
unburnt  residue  remains,  then  the  powder  in  question  contains  as  a  rule 
urates  mixed  with  innr^^'anic  bodies.  In  such  cases  remove  the  urate  \rith 
iMiilim:  water  and  tlien  test  the  filtrate  for  uric  acid  and  the  suspectA^fi  ba^es. 
The  residue  is  then  testetl  according  to  the  fi>lk>wing  s^chrma  of  IIkixer, 
whif*h  is  well  adapted  to  the  investigation  of  urinary  calculi.  In  re$rardto 
the  more  detailed  examination  the  reader  b  referred  to  speeial  works  on  the 
subject. 


*  Chom,  tTnterBuch.  z.  wlBsensch,  Med., 
*Zeitschr.  f,  phy«\o\.  C\\em,»\S, 


2.     Cited  from  Maly's  Jahresber.,  19.  422, 
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EXAMINATION  OF  CALCULI. 
On  heating  the  powder  on  platinum  foil,  it 
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CHAPTER  XVI. 


THE  SKIN  AND  ITS  SECRETIONS. 


In  the  structure  of  the  skin  of  man  and  vertebrates  many  different 
kinds  of  substances  occur  wliicli  have  already  l>ecn  considered,  such  as  the 
constituents  of  the  epidermal  formation,  the  connective  and  fatty  ti^ue?, 
the  nerves,  muscles,  etc.  Among  these  the  different  horn  structures,  the 
hair,  nails,  etc,  whose  chief  constituent,  keratin,  has  been  spoken  of  in 
another  cfiapter  (Chapter  II),  are  of  special  interest. 

The  cells  of  the  homy  structure  show,  in  proportion  to  their  age,  ft 
different  resistance  to  chemical  reagents,  especially  fixed  alkalies.   Hie 
younger  the  horn-cell  the  less  resistance  it  has  to  the  action  of  alkalis; 
with  advancing  age  the  resistance  becomes  greater,  and  the  cell-memb: 
of  many  horn-formations  are  nearly  insoluble  in  caustic  alkalies.    Kmi 
occurs  in  the  horn  structure  mixetl  with  other  bodies,  from  which  it  i 
isolated  with  difficulty.     Among  these  bodies  the  mineral  constituent*^  iu 
many  cases  occupy  a  pmminent  place  l:)ecause  of  their  quantity.   Hair 
leaves  on  buniing  5-70  p.  m.  as!i,  which  may  contain  in  1000  parts  230 
parts  aUiali  siilphateSj  140  parts  calcium  sulphate,  100  parts  iron  oxide, 
and  even  400  parts  silicic  acid.     Dark  hair  on  burning  seems  generally, 
although  not  always,  to  yield  more  iron  oxide  than  blond.     The  nails  are 
rich  in   calcium  phosphate,  and  the  feathers  rich  in  silicic  acid,  wliicli 
Dkechsel  *  claims  exists  in  part  in  organic  combination  as  an  ester. 

According  to  Gautier  and  Berthand  *  arsenic  also  occurs  in  the  epi 
mal  formations.    The  arsenic  is,  according  to  Gautier,  of  importance 
the  formation  and  growth  of  the  same,  and  on  the  other  hand  these  s 
lures,  hair,  nails,  and  epidermis-cells ^  are  of  great   imjxulance  for  the 
excretion  of  arsenic.  ^M 

The  skin  of  invertebrates  iias  been  the  subject,  in  a  few  cases^  of  chen^^ 
cal  investigation,   and   in   these    animals  various  substances   have  be^ 
found,  of  which  a  few,  though  little  studied,  are  worth  discussing.    Am 
these  bodies  tumcinf  wliich  is  found  especially  in  the  mantle  of  the  tunici 
and  tlie  wideh^  diffused  chitiiij  found  in  the  cuticle-formation  of  inv 
bratesp  are  of  interest. 


w^hich 


a>ntralbl  f.   Physiol.,  11,  361. 

"Gautier,  Compt.  rend,  129,  130,  131;   Bertmndt  ^^.*  tSW. 
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TunicLn.  Cellulose  seems,  according  to  the  investigations  of  Ambronn,  to 
occur  rather  extenaively  in  the  animal  kingdom  in  the  firthropoda  and  the  mol- 
lusks  It  has  been  known  for  a  long  time  as  the  mantle  of  the  liinicttia,  and  this 
animul  celluloee  wwa  called  tunicin  by  BertheIjOT,  According  to  the  investiga- 
tions of  WiNTERSTEiN  there  does  not  seem  to  exbt  any  marked  different*  Ik* t ween 
tunicin  and  ordinary  vegetable  cellulose.  On  boihng  with  dilute  acid  tunic  in 
yields  dextrose,  as  shown  first  by  Franchimont  '  and  later  confirmed  by  WiN- 

TERdTKIN\ 

Chitin  is  not  found  in  vertebrates.  In  invertebrates  chitin  \s  alleged 
to  occur  in  several  classes  of  animals;  but  it  can  be  positively  asserted 
that  true,  typical  chitin  Is  found  only  in  articulated  animals,  in  which  it 
forms  the  chief  organic  constituent  of  the  shell,  etc.  According  to  Kraw- 
Kow  ^  chitin  of  the  shell,  etc,  doas  not  seem  to  occur  free*  but  in  com- 
bination with  another  substance,  probably  a  proteid-like  body.  Chitin 
also  occurs,  according  to  Gilson  and  Winteksteix,*  in  certain  fungi. 

According  t>o  8undvik  the  formula  tjf  chitin  is  probably  CeoHi^NgOja-f- 
nili^O),  wiiere  n  may  vary  between  1  and  4*  anil  it  is  probably  an  amine 
derivative  of  a  carbohydrate,  with  the  general  fonnula  ^(CijHjoOi^j). 
According  to  Khawkcjw  the  chit  ins  of  itifTerent  origin  show  diiTerent  behavior 
with  iodine,  and  he  therefore  conclude*  that  there  must  exist  quite  a  group 
of  chitias,  which  seem  to  be  amine  derivatives  of  different  carbohydrates, 
such  as  dextrose,  glycogen,  dextrins,  etc.  According  to  Zandeu  *  only  two 
chitins  exist,  one  of  which  turns  violet  with  iwline  and  zinc  chloride,  and 
the  other  brown. 

Giitin  is  decomposed  on  boiling  with  mineral  acids  and  yields,  as  shown 
by  Ledderhose,  ghicosaminc  and  acetic  acuL  Schmiedeberg  therefore 
considers  chitin  as  a  probable  acetyl  acetic-acid  combination  of  glucosamine. 
Fraa'kfx  and  Kklly,*  on  the  contrary,  consider  chitin  as  (if  a  more  com- 
plicated composition.  The  most  characteristic  cleavage  product  obtained  by 
them  was  a  chitosamine  acetylized  at  the  nitrogen  atom,  C^HjjOsX.COCH,^ 
and  a  second  product,  acetyldichitosamine,  Ci^H^aOjoX;,  which  has  the 
same  composition  as  chitosan  (see  below),  but  is  essentially  different  ia 
many  regards. 

In  the  dry^  state  chitin  forms  a  white,  brittle  mass  retaining  the  fonn  of 
the  original  tissue.  It  is  insoluble  in  boihng  water,  alcohol,  ether,  acetic 
acid,  dilute  mineral  acids,  and  dilute  alkalies.     It  is  soluble  in  concentrated 

*  Ambronn,  Maly's  Jahresbcr.,  20;  Berthelot,  Annal.  de  Chim.  et  Phys.,  ofi,  Conipt. 

^H  Tend.»  47;  Winterstein,  Zeitschr.  f.  phyaiol  Chem.,  18;  Franchixnont,  Ber,  d.  deutsclu 

^^m  cbem.  Gesellsch.,  12. 
^M  *  Zeitschr.  f.  Biologic,  29, 

^H         '  Gibon,  Compt.  rend,,  120;    WLnterstein,  Ber.  d.  deutseh.  chem.  GesdlscL,  27 

f^  and  28. 

I  *  ^^undvik,  Zeitschr  1  physioL  Chern.^  S;   Zander,  Pfliiger's  Arch.,  OG. 

I  *  LeddtThose,  Zeitschr.  f,  physioL  Chem,^  2  aod  4;    Schmiedeberg,  Arch,  f,  exp* 

I  Path,  n.  Phami.,  2S;   Friknkel  arid  Kelly,  Monatshefte  f.  Chem..  23. 
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acids.  It  is  dissolved  without  decomposing  in  cold  concentrated  hydro- 
chloric acid,  but  is  decomposed  by  boiling  hydrochloric  acid.  When  chitin 
is  dissolved  in  concentrated  sulphuric  acid  and  the  solution  dropped  into 
boiling  water  and  then  boiled,  a  substance  is  obtained  (glucosamine,  chitos- 
amine)  which  reduces  copper  suboxide  in  alkaline  solutions.  Accordiog 
to  Hoppe-Seyleb  and  Araki/  on  heating  chitin  with  alkali  and  a  little 
water  to  180°  C.  a  cleavage  takci^  place  with  the  sphtting  off  of  acetic  aciil, 
and  the  formation  of  a  new  substance,  chilomn,  C^Jl^NjO^^,  which  retains 
the  shape  of  the  original  cliitin,  Chitosan  is  insoluble  in  water  and  alkali, 
but  dissolves  in  dilute  acids,  also  acetic  acid,  and  is  colored  \iolet  by  % 
dilute  iodkie  solution*  It  sphts  into  acetic  acid  and  glucosamine  by  the 
action  of  hydrochloric  acid.  On  heating  with  acetic  anhydride  it  is  con- 
verteil  into  a  chitin-like  substance  %vhich  is  not  identical  with  chitin  and 
contains  at  least  three  acetyl  groups.  According  to  Krawkow  the  various 
chitins  behave  differently  with  iodine  or  \iith  sulphuric  acid  and  iodine, 
in  that  some  are  colored  reddish  broii\Ti,  blue,  or  violet,  while  otheis  are 
not  colored  at  alL 

Chitin  may  be  easily  prepared  from  the  wings  of  insects  or  from  the 
shells  of  the  lobster  or  the  crab,  the  last-mentioned  having  fir^t  been 
extracted  by  an  acid  so  as  to  remove  the  lime  salts.  Tlie  \^^gs  or  shells 
are  boiled  with  caustic  alkali  until  they  are  wliite,  afterward  washed  wjih 
water,  then  with  dilute  acid  and  water,  and  lastly  extracted  with  aleohnl 
and  ether.  If  chitin  so  prepared  is  dissolved  in  cold,  concentrated  sidphuric 
acid  and  diluted  with  cokl  water,  then  pure  chitin  separatees  out,  having 
been  set  free  from  the  combination  with  the  other  bodies  (Ivrawkow). 

HyaUn  h  the  chief  organic  constituent  of  the  walls  of  hydatid  cy  ta.  From  a 
chemical  point  of  view  tl  htands  riose  t )  chitin,  or  between  it  and  proteid.  In 
old  and  more  transparent  sacs  it  is  tolerably  free  from  mineral  bcKlies,  but  in 
younp;er  saci?  it  contains  a  great  quantity  (16  per  cent)  of  Erne  salts  (carbonate, 
phosphate,  and  sulphate). 

According  to  Luckj:  ^  its  composition  is: 

C 

From  old  ci^-sts 45 , 3 

From  young  cysts 44 . 1 

It  differs  from  keratin  on  the  t  ne  hand  and  from  protcids  on  the  other  by  the 
absence  of  sulphur,  i  bo  by  its  yielding,  when  boiled  with  dilutt?  sulphuric  and.  a 
variety  of  sugar  in  large  quantitie.5  (50  per  cent),  which  is  reducing,  ferment:tble, 
and  (iextrogyrate.  It  differs  from  t  hit  in  by  the  propety  of  being  graduaJJy 
dis4>olvc*d  by  CHUstic  potash  or  soda,  or  by  dilute  acids;  also  by  its  solubility  on 
heating  with  water  to  150°  C. 

The  coloring  mfjttcrs  of  the  skin  and  horn-jormation^  are  of  diflferent 
kinds,  but  have  not  been  much  studied.  Those  occurring  in  the  stratiun 
MaliFi-^hii  of  the  skin,  ei^peciallv  f>f  the  ne:;^ro,  and  the  black  or  brown  pig* 
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ment  occurring  in  the  hair,  belong  to  the  group  of  those  substances 
which  have  received  the  name  melanins. 

Melanins.  This  group  includes  several  different  varieties  of  amorphous 
black  or  brown  pigments  which  are  insoluble  in  water,  alcohol,  ether, 
chloroform,  and  dilute  acids,  and  which  occur  in  the  skin,  hair,  epithelium- 
cells  of  the  retina,  in  sepia,  in  certain  pathological  formations,  and  in  the 
blood  and  urine  in  disease.  Of  these  pigments  there  are  a  few,  such  as  the 
melanin  of  the  eye,  Schmiedeberq 's  sarcomelanin,  and  that  from  the 
melanotic  sarcomata  of  horses,  the  hippomdanin  (Nencki,  Sieber,  and 
Berdez),  which  are  soluble  with  difBculty  in  alkalies,  while  others,  such  as 
the  pigment  of  the  hair  and  the  coloring  matter  of  certain  pathological 
swellings  in  man,  the  phymatorhusin  (Nencki  and  Berdez),  are  easily  solu- 
ble in  alkalies.  The  humus-like  products,  called  melanoidic  adds  by 
Schmiedeberq,  obtained  on  boiling  proteids  with  mineral  acids,  are  rather 
easily  soluble  in  alkalies. 

Among  the  melanins  there  are  a  few,  for  example  the  choroid  pigment, 
which  are  free  from  sulphur  (Landolt  and  others);  others,  on  the  contrary, 
as  sarcomelanin  and  the  pigment  of  the  hair  and  of  horse-hair,  are  rather 
rich  in  sulphur  (2-4  per  cent),  while  the  phymatorhusin  found  in  certain 
swellings  and  in  the  urine  (Nencki  and  Berdez,  K.  Morner)  is  very  rich 
in  sulphur  (8-10  per  cent).  Whether  any  of  these  pigments,  especially 
the  phymatorhusin,  contains  any  iron  or  not  is  an  important  though  dis- 
pute! point,  for  it  leads  to  the  question  whether  these  pigments  are  formed 
from  the  blood-coloring  matters.  K.  Morner  and  later  also  Brandl  and 
L.  Pfeiffer  found,  on  the  contrary,  that  this  pigment  did  contain  iron,  and 
they  consider  it  as  a  derivative  of  the  blood-pigments.  The  sarcomelanin 
(from  a  sarcomatous  liver)  analyzed  by  Schmiedeberg  contained  2.7  per 
cent  iron,  which  was  in  organic  combination  in  part  and  could  not  be  com- 
pletely removed  by  dilute  hydrochloric  acid.  The  sarcomelanic  acid  pre- 
pared by  Schmiedeberg  by  the  action  of  alkali  on  this  melanin  contained 
1.07  per  cent  iron.  The  sarcomelanin  investigated  by  Zdarek  and  v.  Zey- 
nek  '  also  contained  0.4  per  cent  iron. 

The  difficulties  which  attend  the  isolation  and  purification  of  the  mela- 
nins have  not  been  overcome  in  certain  cases,  while  in  others  it  is  question- 
able whether  the  final  product  obtained  has  not  another  composition  than 
the  original  coloring  matter,  owing  to  the  energetic  chemical  processes 
resorted  to  in  its  purification.  Under  such  circumstances  it  scenxs  that  a 
tabulation  of  the  analyses  of  different  melanin  preparations  made  up  to 
the  present  time  is  of  secondary  importance. 

*  Zeitschr.  f  physiol.  Chem.,  36.  The  literature  on  the  melanins  may  be  found 
in  Schmiedebei^g,  ' * Elementarformein  einiger  Eiweisskorper,  etc."  Arch.  f.  exp. 
Path.  u.  Pharm.,  89;  also  in  Kobert,  Wiener  Klinik,  28  (1901),  and  Spiegler,  Hof- 
meister's  Beitr&ge,  4. 
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The  one  or  more  pigments  of  tlie  human  hair  have  a  low  percentage 
of  nitrogen,  8.5  per  cent  (Sieber),  and  a  variable  but  considerable  amount 
of  sulphur,  2.71-4.10  per  cent.  The  great  quantity  of  iron  oxide  which 
remains  on  incinerating  hair  does  not  seem  to  belong  to  the  pigments. 
The  pigment  of  the  negro  *9  skin  and  hair  was  found  entirely  free  from  iron 
by  Abel  and  Davis.  The  pigment  prepared  by  Spiegleb  from  the  haii 
of  animals  also  contained  no  iron, 

So  little  is  known  about  the  structiu-al  products  of  the  melanins  or 
melanoids  that  it  is  impossible  to  give  the  origin  of  these  bodies.  Aa 
undoubtedly  there  are  several  distinct  melanins,  their  origin  must  also  be 
distinct.  The  ferruginous  melanins  should  be  considered  as  originating 
from  the  blood-pigments  until  further  research  proves  otherwise.  Most 
melanins — and  this  is  also  true  for  the  melanoids  produced  from  proteids  on 
cleavage  with  acids  (Samuely) — ^yield  indol  or  skatol  and  a  pyrrol  substance, 
and  we  mnst  therefore  admit  with  Sajmuely  *  that  the  different  chromogen 
groups  contained  in  the  proteid  molecule,  which  readily  yield  aromatic 
and  sppi*iully  heterocyclic  nuclei,  condense  with  the  elimination  of  water 
and  absorption  of  oxygen,  producing  dark  products  the  mixture  of  which 
forms  the  melanoids. 

It  has  also  been  found  that  by  the  action  of  tyrosinases  upon  tyrosin 
dark  products  similar  to  melanin  are  formed,  and  these »  like  the  animal 
melanins,  ydeld  substances  smelling  like  skatol  on  fusion  mth  alkali.  Cer- 
tain investigators,  such  as  Gessard,  v.  Furto  and  Schxeider,'  are  there- 
fore of  the  opinion  that  tyrosin  is  the  mother-substance  of  the  melanins. 

In  addition  to  the  coloring  matters  of  the  human  skin  it  is  in  place  here  to 
treat  of  the  pigments  found  in  the  skin  or  epidermal  formation  of  animals. 

The  beautiful  color  of  the  feathers  of  many  birds  depends  in  certain  cases  on 
purely  physical  cayses  (mterference-phenomena),  but  in  other  cases  on  coloring 
matters  of  various  kinds.  Such  a  coloring  matter  is  the  amoq^hous  reddish-violet 
turaciUf  which  contains  7  i>er  cent  copper  and  whosL*  sijectrnni  is  very  similar  to  that 
of  oxyliarraogkibin,  Kri' ken  berg  ^  found  a  large  numher  of  coloring  matters  in 
birds'  feathers,  namely,  zoocrylhnn,  zcwfulmn^  turacooirdin,  zoctubin,  pBiUacofu'  ' 
and  others  which  cannot  In?  enumerated  here. 

Tetronerythrin,  so  named  by  WimM,  is  a  red  amorphous    pigment  which 
floluble  in  aleohol  and  ether,  ancl  whirh  occurs  in  the  red  warty  spots  over  the  ey 
of  the  heathcock  nod  the  grouse,  and  which  is  very  widely  spread  among  ^' 
nvertebrate^   (Halliburton,   De  Merejkow\ski,   MacMunt^).     Besides  telr 
ervthrin  MArMuNN  found  in  the  shelh  of  crabs  and  lobsters  a  blue  coloring  matti 

dianocnjstaUin,  which  turns  red  with  acids  and  by  boilhig  water.     HfrmaU^in 

piij/r.  w/according  to  MacMunn,*  also  occurs  in  the  integuments  of  certain  of  tbt 
lower  animals. 


'  Hofmeistcr^s  Beitrage,  2. 

'Geaaard,  Corapt  rend  ,  13*>;  v.  Fiirth  and  Schneider,  Hofmeister's  Beitriige,  1. 

»  Vcrglcichendc  phjsiol.  Studien,  Abth.  5,  and  (2.  Reihe)  Abtk  1,  151,  Abth.  2,  l^ 
and  Abth.  3,  128. 

*  VVunn,   cited  from  Maly's  Jahresber.,  1;    Halliburton,  Joum.  of  Physiol, 
Mcrejkowakii    Compt.   rend.,   S^;    MacMunn,  Proc.  Koy.  Soc.,  1883,  and  Jotirn.  of 
Physiol,  7. 
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In  certain  butterflies  (the  pieridina?)  the  whit«  pigment  of  the  wings  consists, 
a^  hown  by  Hopkinb,*  of  uric  arid,  and  the  yellow  pigment  of  a  uric-acid  deriva- 
tive, lep'dotic  acid,  which  yields  a  purple  substarit'e^  IrpkhjMirphyrinj  on  warming 

L  rith  dilute  sulphurir  acid.     The  yellow  and  red  pigment  of  the  Vatiesiia.  are, 

I  iccording  to  Lixden»^  of  an  entirely  diPfennii  kijid.  In  this  case  we  are  dealing 
with  a  compound  between  proteid  and  a  pignietit  which  is  alHed  to  bilirubin  or 
urobi  ui,  i.e.,  a  eomix>und  flimilar  to  hii^moglobin. 

In  addition  to  the  coloring  matters  thiLs  far  mentioned  a  few  others  found  in 
certain  animals  (though  not  in  the  skiti)  will  Ix*  spoken  of. 

Carmiaic  acid,  nr  the  red  pigment  of  the  cochineal,  givei?  on  oxidation,  according 
to  LrE!*KRMANN  aud  WiswiNCKEL,*  cochaiiiUc  acifl,  Ci^H^O^,  and  coccinic  ticidt 
C^H^(\.  the  first  lioijig  the  tri-carbonic  acid,  and  the  other  the  di-carbonic  arid  of 
7?i-cre3.jU     The  beautiful  purple  .solution  of  ammonium  earminate  haiS  two  absorp- 

Ltion-bands  b<_»tween  D  ami  E  which  are  similar  to  tlujse  of  oxyhamioglobiiL     These 

IbancU  lie  nejirer  to  E  and  closer  together  and  are  less  sharply  defined  Purple  is 
the  evaporated  residue  from  the  purple-violet  secretion,  caused  by  the  action 
of  the  sunhght,  from  the  so-called  '*pyq)!e  gland*'  of  the  mantle  of  certain  species 

J  of  murex  and  purpura.     lU  chemical  nature  has  not  been  investigated. 

Among  the  remaining  coloring  matters  found  in  invertebrates  may  be  men- 

I  tinned  blue  stcnt'irin,  acliriiitchrum,  hofirlllfit  jx^bjperytkrinf  pentacrininf  antedofiinf 

i^ru^taceorubinf  jafUkininj  and  chlurophyH, 

Sebum    when    freshly    secreted    is    an    oily    semi-ftuitl     mass    which 

solidifies  on  the  upper  surface  of  the  skin,  forming  a  greasy  coating.     The 

quantity  varies  with  the  indivithiaL     Hoppe-Seyler   has   fonnd   in  the 

sel>um  a  body  similar  to  casein  besiiles  allinmin  and  fat.     Cholesterin  is 

K  abo  found  in   thfc?  fat,  and  in  e^'iKT-ially  large  cpiantities  in  the  rcrnix 

^  caseosa.     The  solids  of  the  sebiun  coiiiiiiist  chiefly  of  fat,  epithelium-celLs, 

and    protein    bodies;    the    remix    caseosa    is    made    up    chiefly    of    fat. 

B  RuppEL  *  found  on  an  average  in  the  vernix  caseosa  34S.52  p,  m,  water 

'  and  13S.72  p,   ni.   ether  extractives.     Bet^itles    cbrdct^tcrin   he   found   al^o 

isDc  holes  ten  n, 

(On  aeeount  of  the  generally  rlilTiiised  view  that  the  wax  of  the  plant 
lepidermLs  serves  as  protection  for  the  inner  parts  of  the  fniii  and  plants  LiE- 
BREicH^  has  suggestal  that  these  coniljiiiations  of  fatty  acids  with  mona- 
tomie  alcohols  arc  the  cause  of  the  waxes  having  a  greater  resL^tanee  as  com- 
pared with  the  glycerine  fats.  He  also  coasiders  that  the  chiilesterin  fats  play 
the  role  of  a  protective  fat  in  the  animal  kingdom »  and  he  has  been  able 
to  detect  cholesterin  fat  in  human  skin  and  hair,  in  vcrnix  caseosa,  whale- 
bone, tortoise-shell,  cowl's  horn,  the  feathers  and  beakjjt  of  several  birds, 
the  spines  of  the  hedgehog  and  porcupine,  the  hoofs  of  horses,  etc.  He 
draws  the  following  conclusion  from  this,  namely,  that  the  cliolesterin  fats 
always  appear  in  combination  witli  the  keratinous  substance^  and  that 


*  Pha.  Trans.,  186. 
'Pfl tiger's  Arck,9H. 

■  Ber,  d,  deutsch.  chem.  Geselkch.,  30. 

*  Hoppe-Seyler,  Physiol.  Chem.,  760;   Riippel^  Zeitschr.  f.  physiol.  Chem.,  2h 

■  Virchow'a  Arch.^  121. 
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the  eholesterin  fat^  like  the  wax  of  plants,  serves  as  protection  for  the  ekm- 
surface  of  animals. 

Ill  the  fatty  protective  substance  secreted  by  the  Psylla  alni  SrxDViK'liM 
found  psvlla-alcohol,  CjjHegOj  which  exists  there  as  an  ester  in  combination  with 
psyllic  acid,  Cj^HflgCOOH, 

Cerumen  is  a  mixture  of  the  secretion  of  the  sebaceous  and  sweat  glands 
of  the  cartilaginous  part  of  the  outer  organs  of  hearing.  It  contains  chiefly 
soaps  and  fat,  fatty  acids,  cholesterin  and  proteid,  and  besides  these  a  red 
substance  easily  soluble  in  alcohol  and  with  a  bitter-sweet  taste.' 

Tiie  preputial  secretion^  sniegjna  prwputii^  contains  chiefly  fat, 
cholastemi  and  ammomiim  soaps,  which  probably  are  produced  I 
decomposed  urine.  The  hippuric  acid,  benzoic  acid,  and  calcium  0x3 
found  in  the  smegma  of  the  horse  have  probably  the  same  origin. 

We  may  also  consider  as  a  preputial  secretion  the  castoreum,  which  is 
by  two  peculiar  glandular  sacs  in  the  prepuce  of  the  beaver,  Thii*  castoreum 
mixture  of  protcids,  fat,  resins,  traces  of  phenol  (volatile  oiI)»  and  a  non-nitrog- 
enous body,  cmUmn^  crystiillizing  in  four-sided  neetlles  from  alcohol,  insoluhfe 
in  cold  water,  but  somewhat  soluble  in  boiUiig  water,  and  whose  compoeitioo  is 
little  known. 

In  the  secretion  from  the  anal  glands  of  the  skunk  butyl  mercaptan  and  alkyl 
sulphide  have  been  found  (Aldrich,  E.  Beckmann  '). 

Wool-jai^  or  the  >o  called  fat-sweat  of  sheep,  is  a  mixture  of  the  secretion  of 
the  sudoriparous  and  scbaceoiis  glands.  There  is  found  in  the  waterj*^  extract  a  large 
quantity  of  jx>tassium  which  is  combined  with  organic  acid,  %^olatile  and  non-volatfle 
fatty  acids,  benzoic  acid,  phenol-sulphuric  acid,  lactic  acid,  malic  acid,  succinic 
acid,  and  others.  The  fat  ontains,  among  other  bodies,  abundant  quantities 
of  ethers  of  fatty  acids  with  cbolesterin  and  isocholesterin.  Darmstadter  and 
LiFscHi'TZ  *  have  found  other  alcohols  in  wool-fat  besides  mvristic  acid,  alsa 
two  oxyfatty  acids,  lanoceric  acid,  C,„H„^04,  and  la  no  palmitic  acid,  C^H^O, 

The  secretion  of  the  coccygeal  glands  of  ducks  and  geese  contains  a  cMxly  si: 
to  casein,  besides  albumin,  nuclei n,  lecithin,  nnd  fat,  but  no  sugar  (De  Joy 
Poison  us  bodies  have  been  found  in  the  secretion  of  the  skin  of  the  salamaiufer 
and  the  toad,  mmeh%  saitmndarin  (Zalbski,  Faust)  and  bufidin  (Jornaba  and 
CiSAu),  htifoialin  and  the  disputed  bodies  bu}onin  and  bufotenin  (Facst,  Bee- 
TRAND  and  Phisaux*). 

The  Perspiration,  Of  the  secretions  of  the  skin,  whose  quantity  amounts 
to  about  jV  ^^  ^^^  weight  of  the  body,  a  disproportionally  large  part  consists 
of  water.  Next  to  the  kidneys,  the  skin  in  man  is  the  most  important 
means  for  the  elimination  of  water.     As  the  glands  of  the  skin  and  the 

»  ZeiUchr.  f.  physiol  Chem.,  17 »  25,  and  32. 

*See  Lamoia  and  Martz,  Middy's  Jaiiresber.,  27 »  40. 

*  Aldrich,  Joum  of  Expt.  Med.,  1 ;  Beckmann,  Maly's  Jahresber.,  26,  566, 

*  Ber.  d.  deutsch.  chenx,  Geswdlseh  ,  2^  and  31.  _ 

*  De  Jonge,  Zeitacbr  f.  physiol.  Chem.,  15;  Zale^ki,  Hoppe-Seyler*s  Med.-chcoL 
Untereuch.,  85;  Faust,  Arch.  f.  exp.  Path,  u.  Pharm.,  41;  Jornara  and  CasAli,  Maly'f 
Jahresber.,  3;  Faust,  Arck  f.  exp.  Path.  u.  Pharm,,  -47,  41>:  Bertrand,  CompL  rend, 
1S5;  Bertrand  and  PhisalVx,  ibid. 
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kidneys  stand  near  to  each  other  in  r^ard  to  their  functions,  they  may  to 
a  certain  extent  act  vicariously. 

The  circumstances  which  influence  the  secretion  of  perspiration  are 
very  numerous,  and  the  quantity  of  sweat  secreted  must  consequently 
vary  considerably.  The  secretion  differs  for  different  parts  of  the  skin, 
and  it  has  been  stated  that  the  perspiration  of  the  cheek,  that  of  the  palm 
of  the  hand,  and  that  under  the  arm  stand  to  each  other  as  100:90:45. 
From  the  unequal  secretion  on  different  parts  of  the  body  it  follows  that 
no  results  as  to  the  quantity  of  secretion  for  the  entire  surface  of  the  body 
can  be  calcidated  from  the  quantity  secreted  by  a  small  part  of  the  skin  in 
a  given  time.  In  determining  the  total  quantity  a  stronger  secretion  is 
as  a  rule  produced,  and  as  the  glands  can  with  difficulty  work  for  a  long 
time  with  the  same  energy,  it  is  hardly  correct  to  estimate  the  quantity 
of  secretion  per  day  from  a  strong  secretion  during  only  a  short  time. 

The  perspiration  obtained  for  investigation  is  never  quite  pure,  but 
contains  cast-off  epidermis-cells,  also  cells  and  fat-globules  from  the  seba- 
ceous glands.  Filtered  perspiration  is  a  clear,  colorless  fluid  with  a  salty 
taste  and  of  different  odors  from  different  parts  of  the  body.  The  physio- 
logical reaction  is  acid,  according  to  most  statements.  Under  certain  con- 
ditions also  an  alkaline  sweat  may  be  secreted  (Trxjmpy  and  Luchsinger, 
Heuss).  An  alkaline  reaction  may  also  depend  on  a  decomposition  with 
the  formation  of  ammonia.  According  to  a  few  investigators  the  physio- 
logical reaction  is  alkaline,  and  an  acid  reaction  depends,  according  to  them, 
upon  an  admixture  of  fatty  acids  from  the  sebum.  Camerer  found 
that  the  reaction  of  hiunan  perspiration  in  certain  cases  was  acid  and  in 
others  alkaline.  Moriggia  found  that  the  sweat  from  herbivora  was 
ordinarily  alkaline,  while  that  from  camivora  was  generally  acid.  Accord- 
ing to  Smith  *  horse's  sweat  is  strongly  alkaline. 

The  specific  gravity  of  human  perspiration  varies  between  1.001  and 
1.010.  It  contains  977.4-995.6  p.  m.,  average  about  982  p.  m.  water.  The 
solids  are  4.4r-22.6  p.  m.  The  molecular  concentration  is  also  very  variable 
and  the  freezing-point  depression  depends  essentially  upon  the  content  of 
NaQ.  Ardix-Delteil  found  J  =  -  0.08  -  0.46°,  average  -  0.237°.  Brieger 
and  DissELHORST '  found  vnth  perspiration  containing  2.9,  7.07  and  13.5 
p.  m.  NaCl  that  the  J  was  equal  to  -0.322°,  -0.608°  and  -1.002°,  respec- 
tively. The  organic  bodies  are  neutral  fats,  cholesterin,  volatile  fatty  acids, 
traces  of  proteid  (according  to  Leclerc  and  Smith  always  in  horses,  and 


*  Triimpy  and  Luchsinger,  Pfliiger's  Arch.,  18;  Heuss,  Maly's  Jahresber.,  22; 
Camerer,  Zeitschr.  f.  Biologie,  41;  Moriggia,  Moleschott's  Untersuch.  zur  Xaturlehre, 
11;  Smith,  Journ.  of  Physiol.,  11.  In  regard  to  the  older  literature  on  perspimtion, 
see  Hermann's  Handbuch,  5,  Thl.  1,  421  and  543. 

'  Ardin-Delteil,  Maly's  Jahresber.,  30;  Breiger  and  Disselhorst,  Deutsch.  med. 
Wochenschr.,  29. 
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according  to  Gaube  r^ularly  in  man,  while  Leube  *  claims  only*  some- 
times  after  hot  baths,  in  Bright's  dise^ase,  and  after  the  use  of  pilocarpin), 
also  creatinine  (Capranica),  aromatic  oxyacids,  ethereal-sulphuric  arifh  of 
phenol  and  bkat^xijl  (IC\st^),  sometimes  also  of  imlaxyl,  and  lastly  urm. 
The  quantit}^  of  urea  has  been  determined  by  Aroutinsky.  In  two 
steam-bath  experiments,  in  which  in  the  course  of  h  and  J  hour  respectively 
he  obtaiuetl  225  and  330  e.  c.  of  perspiratiuii,  he  "found  L61  and  1.24  p.  m* 
urea.  Of  the  total  nitrogen  of  the  perspiration  in  these  two  experiments 
68.5  per  cent  and  74.9  per  cent  respectively  belong  to  the  urea.  Fnim 
Akgctinsky's  experiments^  and  also  from  those  of  Cramer,' it  follows  that 
of  the  total  nitrogen  a  portion  not  to  be  disregarded  is  eiirainateil  by  the 
perspiration.  This  jKirtion  wns  indeed  12  per  cent  in  an  experiment  nf 
Cramer  at  high  temperature  and  powerful  muacular  activity.  Cramer  has 
also  found  ammonia  in  the  perspiration.  In  unemia,  and  in  aimria  in 
cholera,  urea  may  be  secreted  in  such  quantities  by  the  sweat-glands  that 
cr}*stab  deposit  nptm  the  skin.  The  mineral  bodies  consist  chiefly  of 
sodium  chloride  with  some  potassium  chloride,  alkali  sulphate,  and  pho?^ 
phate.  Tlie  relative  quantities  of  these  in  perspiration  differ  materially 
from  the  quantities  in  the  urine  (Favre/  Kast).  Tlie  relationships 
according  to  Kast,  is  as  follo\\*s: 


Chlorine  :  Phosphate  :  Sulphate 

In  perspiration 1         :     0,0015     :     0.009 

In  urine 1         :     0.1320     :     0.397 


Ka.st  found  that  the  proportion  of  ethereal-fiulphuric  acid  to  the  sul 
phate*sulphuric  acid  in  perspiratiuii  was  1: 12.  After  the  administration  of 
aromatic  substances  the  ethereal-sulphuric  acid  does  not  increase  to  the 
same  extent  in  the  perspiration  as  in  the  urine  (see  Chapter  XV). 

Sugar  may  pass  into  the  pers|nration  in  diabetes,  but  the  passage  of  the  bile* 
coloring  matters  has  not  been  positively  shown  in  ihis  secretion,  BcTizoic  ticid, 
sjiccinic  acijt,  tartanc  acid^  iodine,  arsenic ^  tru^rcuri^  chloride t  and  quinine  pass 
into  the  j>prsj>irt4' ion.  Uric  acid  lias  also  been  found  in  the  perspi ratio n  in  gout 
and  cyMin  in  rystiimria. 

Chromh  dross  i:<^  the  name  given  to  the  secretion  of  colored  perspiration, 
S^^metimes  f»erspiratiori  has  been  observed  to  be  colored  blue  by  indigo  (Bizto).  bv 
pyorvftnin,  or  by  ferro-phosphate  (Kollma.vn  *).  True  blnod-svveatt  in  which 
bicKid -corpuscles  exude  from  the  opening  of  the  glands,  hiia  also  been  observ-ixL 

The  exchange  of  gas  through  the  skin  in  man  is  of  very  little  importance 
compared  with  the  exchange  of  gas  by  the  lungs.    The  absorption  of  i>xy- 

*  Leclerc,  Compt.  rend,,  107;  Gaube,  Maly's  Jahresber,  22;  Letibe.  Virchow's 
Arch,,  48  and  50,  and  Arch  f.  klin.  Med,,  7, 

'  Caprauica,  Maiy's  Jahresber.,  12;   Kast,  Zeitschr.  f.  ph>*sioL  Chern.,  IL 
'  Argutia&ky»  Pfliiger's  Arch,  46;  Cramer,  Arch.  f.  Hygione,  10. 

*  Compt.  rend.,  So,  and  Arch,  gem^r.  de  Med.  (5),  2, 

*  Bizio,  Wien.  SitzimgBber.,  liU;  KoUmann,  cited  from  v.  Gorup-Besantti '»  Leltr> 
bucb,  4.  Aufl.,  555. 
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gen  by  the  skin,  which  was  first  shown  by  Regnault  and  Reiset,  is  very 
small.  The  quantity  of  carbon  dioxide  eliminated  by  the  skin  increases 
with  the  rise  of  temperature  (Aubert,  Rohrig,  Fubini  and  Roxchi,  Bar- 
RATT  *).  It  is  also  greater  in  light  than  in  darkness.  It  is  greater  during 
digestion  than  when  fasting,  and  greater  after  a  vegetable  than  after  an 
animal  diet  (Fubini  and  Ron'chi).  The  quantity  calculated  by  various 
investigators  for  the  entire  skin  surface  in  twenty-four  hours  varies  between 
2.23  and  32.8  grams.'  In  a  horse,  Zuntz  with  Lehmann  and  Hagemann  * 
found  for  twenty-four  hours  an  elimination  of  carbon  dioxide  by  the  skin 
and  intestine  which  amounted  to  nearly  3  per  cent  of  the  total  respiration. 
Less  than  four-fifths  of  this  carbon  dioxide  came  from  the  skin  respiration. 
According  to  the  same  investigators  the  skin  respiration  equals  2^  per  cent 
of  the  simultaneous  lung  respiration. 

^  Aubert,  Pfluger's  Arch.,  6;  Rohrig,  Deutsch.  Klin.,  1872, 209;  Fubini  and  Ronchi» 
Moleschott's  Untersuch.  z.  Naturlehre,  12;  Barratt,  Joum.  of  Physiol.,  21. 
'  See  Hoppe-Seyler,  Physiol.  Chem.,  580. 
*Du  Bois-Reymond's  Arch.,  1894,  and  Maly's  Jahresber.,  24. 


CHAPTER  XVlh 

CHEMISTRY  OF  KESPIRATION, 

DuitncG  life  a  constant  exchange  of  gases  take-s  place  between  the 
animal  body  and  the  surroimding  metliiim.  Oxygen  is  inspired  and  carbon 
diaxide  expired.  This  exchange  of  gases,  which  is  called  respiration*  is 
brmi^;ht  about  in  man  and  vertebrates  by  the  nutritive  fluids,  blood  ml 
lymph,  which  circulate  in  the  body  and  which  are  in  constant  conimunica- 
tion  with  the  outer  medium  on  one  side  and  the  tissue^lements  on  the 
other.  Such  an  exchange  of  gaseous  constituents  may  take  place  wherever 
the  anatomical  conditions  offer  no  obstacle,  and  in  man  it  may  go  on  in  the 
intestinal  tracts  through  the  skin,  and  in  the  lungs.  As  compared  with 
the  exchange  of  gas  in  the  lun^s,  the  exchange  already  mentioned,  which 
occurs  in  the  intestine  and  through  the  skin,  is  verj-  insignificant.  For  this 
reason  we  w41I  discuss  in  this  chapter  only  the  exchange  of  gas  between  the 
blood  and  the  air  of  the  lun^^s  on  one  side  and  the  blood  and  l^mdph  and 
the  tissues  on  the  other.  The  first  is  often  designat'ed  as  external  respira- 
tion, and  the  other,  internal  respiration. 

I,  The  Gases  of  tli©  BlootL 

Since  the  pioneer  investigations  of  Magnus  and  IwOTHah  Meyeh  the 
gases  of  the  blood  have  formed  the  subject  of  repeated  careful  investiga- 
tions b}''  prominent  ej^perinicntcrs*  among  whom  must  be  mentioned  first 
C.  LuDWiG  and  his  pupils  and  E.  Pfluger  and  his  school.  By  these  invcts- 
tigatinns  not  only  has  science  been  enriche<l  l>y  a  mass  of  facta,  but  alsci 
tlie  methods  themselves  have  been  made  more  perfet^t  and  accurate,  la 
regard  to  these  methods,  as  also  in  regard  to  the  laws  of  the  absorption  of 
gases  by  liquids,  dissociation^  and  related  questioas,  the  reader  is  referred 
to  text-books  on  physiology,  on  phj^sics,  and  on  gasometrie  analysis. 

The  gases  occurring  in  blood  under  physiological  conditions  are  oxygen, 
mrhon  dioxitk,  and  nitrogen,  and  traces  of  argon.  The  nitrogen  is  found 
only  in  very  small  quantities,  on  an  average  LS  vols,  per  cent.  The  quan- 
tity is  here,  as  in  all  following  exi>eriment8,  calculated  for  O*'  C.  and  760  mm. 
pressure.  The  nitrogen  seems  to  be  simply  absorbed  by  the  blood,  at 
least  in  great  part.  It  appeai-s,  like  argon,  to  j>lay  no  direct  i)art  in  the 
processes  of  life,  and  its  quantity  varies  but  slightly  in  the  blood  of  differ- 
ent blood-vessels. 
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The  oxygen  and  carbon  dioxide  behave  otherwise,  as  their  quantities 
have  significant  variations,  not  only  in  the  blood  from  different  blood- 
vessels, but  also  because  many  conditions,  such  as  a  difference  in  the  rapid- 
ity of  circulation,  a  different  temperature,  rest  and  activity,  cause  a  change. 
In  regard  to  the  gases  they  contain  the  greatest  difference  is  observable 
between  the  blood  of  the  arteries  and  that  of  the  veins. 

The  qtmntily  of  oxygen  in  the  arterial  blood  of  dogs  is  on  an  average 
22  vols,  per  cent  (Pfluger).  In  human  blood  Setschkxow  found  about 
the  same  quantity,  namely,  21.6  vols,  per  cent.  Lower  figures  have  been 
found  for  rabbit's  and  laird's  blood,  respck'tively  13.2  per  cent  and  10-15 
per  cent  (Walter,  Jolyet).  Venous  blood  in  different  vascular  regions 
has  very*  variable  quantities  of  oxygen.  By  summarizing  a  great  number 
of  analyses  by  different  experimenters  Zuntz  has  calculated  that  the 
venous  blood  of  the  right  side  of  the  heart  contains  on  an  average  7.15  per 
cent  less  oxygen  than  the  arterial  blood. 

The  quantity  of  carbon  diAjxide  in  the  arterial  blood  (of  dogs)  is  30  to 
40  vols,  per  cent  (Ludwig,  Setschenow,  Pfluger,  P,  Bert,  and  others), 
most  generally  about  40  per  cent.  Setschenow  found  40.3  vols,  per  cent 
in  human  arterial  blood.  The  quantity  of  carbon  dioxide  in  venous  blood 
varies  still  more  (Ludwig,  Pfluger,  and  their  pupils,  P.  Bert,  Mathieit 
and  Urbain,  and  others).  According  to  the  calculations  of  Zuxtz  the 
venous  blood  of  the  right  sitle  of  the  heart,  coniains  about  8.2  per  cent  more 
carbon  dioxide  than  the  arteriah  Tlie  average  amoimt  may  be  put  down 
as  48  vols,  per  cent.  Holmgken  found  in  blood  after  asphyxiation  even 
69.21  vols,  per  cent  carbon  dioxide.* 

Oxygen  is  absorbed  only  to  a  small  extent  by  the  plasma  or  serum,  in 
which  Pfluger  found  but  0.26  per  cent.  The  greater  part  or  nearly  all  of 
the  oxygen  Is  loosely  combined  with  the  luemoglobin.  The  quantity  of 
oxygen  which  Ls  containeil  in  the  blooil  of  the  dog  corresponds  closely  to 
the  quantity  wliich  from  the  activity  of  the  hiemoglobin  we  should  expect 
to  combine  with  oxygen,  and  from  the  quantity  of  htemoglobin  ccmtained 
therein.  It  is  difficult  to  ascertain  how  far  the  circulating  arterial  blood 
is  saturated  with  oxygen,  as  immcdiateh^  alter  bleeding  a  loss  of  oxygen 
always  takes  place.  Still  it  seems  to  be  unquestionable  that  it  is  not  quite 
completely  saturated  with  oxygen  in  life. 

The  carbon  dioxide  of  the  blood  occurs  in  part,  and  indeed,  according 
to  the  investigations  of  Alex,  Schhidt,'  Zuntz,^  and  L.  Fredericq,*  to 


'  All  the  figures  ^ven  above  may  be  found  in  Zuntz's  "Die  Gase  des  Blutos*'  in 
Hermnnn's  Bandbuch  d.  Physiol,  4,  ThL  2.  33-43,  which  also  contains  detailed  state- 
ments and  the  pertinent  literature.  1 

*  Ber,  d,  k.  siicha,  Ges^'ll«ch.  d.  Wissenach.,  nmtk-phys,  Klasse,  19,  1867. 
■CentralbL  f.  d  med.  Wissensoh.,  1867,  &2Q, 

*  Recherchcs  0ur  la  constitution  du  Plaama  sanguiii,  1878,  50,  51. 


600 


CHEMISTRY  OF  RESPIHATION. 


the  extent  of  at  least  one  third  in  the  blood-eorpuscles,  also  in  pai 
in  fact  the  greatest  part,  in  the  plasma  or  serum. 

Tlie  carbon  dioxide  of  the  red  blood-corpuscles  is  loosely  combined,  and 
the  constituent  of  these  cells  which  unites  with  the  013^  seems  to  be  the 
alkali  combined  mth  phosphoric  acid,  oxyhaemoglobin,  or  hjemoglobin,  and 
globulin  on  one  side  and  the  hiemoglobin  itself  on  the  other.     That  in  tie 
red  b1ood-cor]mscle8  alkali    phosphate  occurs  in  such  quantities  that  it 
may  be  of  importance  in  the  combination  wnth  carbon  dioxide  is  not  io  be 
doubted ;  and  it  must  be  allowed  that  from  the  diphosphate,  by  a  greater 
partial  pressure  of  the  carbon  dioxide,  monophosphate  and  alkali  carbonate 
are  formed,  while  by  a  lower  partial  pressure  of  the  carbon  dioxide  the  ma» 
action  of  the  phosphoric  acid  comes  again  into  play,  so  that,  with  the  carbon 
dioxide  becoming  free,  a  re-formation  of  alkali  diphosphate  takes  place.  U 
is  generally  admitted  that  the  blood-coloring  matters,  especially  the  0x3- 
haemoglobin    Avhich  can  expel  carbon  dioxide  from  sodium  carbonate  m 
raciio,  act  like  acids;  and  as  the  globulins  also  act  similarly  (see  below), 
these  bodies   may  also  <jccur  in  the  blood-corpuscles  as  an  alkali  com- 
bination.     The  alkali  of  the  blood-corpuscles  must  therefore,  according  to 
the  law  of  mass  action,  be  divided  between  the  carbon   dioxide,  phee^ 
phoric   acid,  and   the  other  constituents  of   the   blood-corpuscles  which 
possess  acidic  jiroperties,  and  among  these  especially  the  blood-pigraenla^ 
because  the  globulin  can  hardly  be  of  importance  on  account  of  ite  small 
qnantity.     By  greater  mass  action  or  greater  partial  pressure  of  the  car- 
bon dioxide,  bicarbonate  must  be  formed  at  the  expense  of  the  diphos- 
phates and  the  other  alkali  combinations,  while  at  a  diminished  partial 
pressure  of  the  same  gas,  with  the  escape  of  carbon  dioxide,  the  alkali 
diphosj^hate  and  the  other  alkali  combinations  miLst  be  re-fonned  at  the  cost 
of  the  bicarbonate, 

Hiemoglobin  nmst  nevertheless,  as  the  investigations  of  Setschexois:  ^ 
and  ZiNTZ,  and  especially  those  of  Bohr  and  Torup,*  have  showTi,  be  able 
to  hold  the  carbon  dioxirle  loosely  combined  even  in  the  absence  of  alkali^ 
Bohr  has  also  found  that  the  dissociation  curve  of  the  carbon-diojdde 
haemoglobin  corresponds  essentially  to  the  curve  of  the  absorption  of  carboa 
dioxide,  on  which  ground  he  and  Torup  consider  the  haemoglobin  itself  as 
of  impfvrtance  in  the  binding  of  the  carbon  dioxide  of  the  blood,  anil  not 
its  alkali  combinations.  According  to  Bonn  the  hiemoglobin  takes  up 
the  two  gases,  oxygen  and  carbon  dioxide,  simultaneously  by  the  oxygeQ 
uniting  with  the  pigment  imcleus  and  the  carbon  dioxide  with  the  protdd 
component. 

The  chief  part  of  the  carbon  dioxide  of  the  blood  is  found  in  the  hlood- 


7^. 


^  Centralbl.  f.  d.  med.  Wissensch.,  1877.    See  ulso  Zimtz  in  Hermarni^a 
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plasma  or  tlie  blood-serum,  which  follows  from  the  fact  that  the  serum  ia 
richer  m  carbon  dioxide  than  the  corresponding  blood  itself.  By  experi- 
llnents  with  the  air-pump  on  blood-serum  it  has  been  found  that  the  chief 
Ipart  of  the  carbon  dioxide  contained  in  the  serum  Is  given  off  in  a  vacuum, 
While  a  smaller  part  can  be  removed  only  after  the  addition  of  an  acid, 
lie  red  blood -corpuscles  also  ^ct  aa  an  acid*  and  therefore  in  blood  all  the 
I  carbon  dioxide  is  expelled  in  mcu4}.  Hence  a  part  of  the  carbon  dioxide 
[is  in  finn  chemical  combination  in  the  serum. 

Absorption  experiments  with  blorjd-serum  have  shown  us  further  thalv 
[the  carbon  dioxide  which  can  be  pumped  out  is  in  great  part  loosely  chem- 

lly  combiue<It  and  from  this  loose  combination  of  the  carbon  dioxide 

^it  necessarily  follows  that  the  serum  must  also  contain  simply  absorbed 

carbon  dioxide.     For  the  form  of  binding  of  the  carbon  dioxide  contained 

the  serum  or  the  plasma  there  are  the  three  following  possibilities:  1*  A 
^part  of  the  carbon  dioxide  is  simply  absorbed ;   2.  Another  part  is  in  loose 

I  chemical  combination;  3.  A  third  part  is  in  firm  chemical  combination. 
The  quantity  of  simply  absorbed  carbon  dioxide  has  not  been  exactly 
determined.  Setschenow  ^  considers  the  quantity  in  dotr-serum  to  be 
mbout  ^  of  the  total  quantity  of  carbon  dioxide  of  the  blood.  According 
to  the  tension  of  the  carbon  dioxide  in  the  bl(X>d  and  its  absorption  coeffi- 
cient, the  quantity  seems  to  be  still  smaller. 
The  quantity  of  carbon  dioxide  in  the  blood-serum  which  is  com^>ined  by 
I  a  firm  chemical  union  depends  upon  the  quantity  of  simple  alkali  carbon- 
ate in  the  serum.  Tliis  amount  is  not  known,  and  it  camicit  be  rletcrniined 
I  either  by  the  alkalinity  found  by  titration,  nor  can  it  be  calculated  from  the 
^ft*execss  of  alkali  found  in  the  ash,  Ijecause  the  alkali  is  not  only  combinetl  with 
^'carbon  dioxide,  but  also  with  other  bodies,  especially  with  proteid.  The 
quantity  of  carbon  dioxide  in  firm  chemical  combination  cannot  be  ascer- 
^Jtained  after  pumping  out  in  vctciw  without  the  addition  of  acid,  because  to 
^■all  appearances  certain  active  constituents  of  the  serum,  acting  like  acids, 
.  expel  carbon  dioxide  from  the  simple  carbonate.  The  quantity  of  carbon  diox- 
^fcide  not  exi>elled  from  dogsennn  by  vacuum  alfuic  without  the  addition  of 
^"  acid  amounts  to  4.9  to  9.3  vols,  per  cent,  according  to  the  determinations  of 

PFLUGiaR.' 

^K      From  the  occurrence  of  simple  alkali  carbonates  in  the  ljlon{bserum  it 

^fciaturally  follows  that  a  part  of  the  loosely  combined  carbon  dioxide  of  the 

Hierum  which  can  be  pumped  out  must  exist  as  bicarbonate.    The  occur- 

^^rence  of  this  combination  in  the  blood-serum  has  also  lic^n  directly  sho\^'n. 

In  experiments  with  the  pump,  as  well  as  in  absorption  experiments,  the 

serum  behaves  in  other  ways  difTerent  from  a  solution  of  bicarbonate,  or 

carbonate  of  a  corresponding  concentration;  and  the  behavior  of  the  loosely 


N 


*  Centralht  f.  d.  med.  Wisscn^ch.,  1877. 
'  E,  Pfluger*  Uebcr  die   Kylilensiiure  des   Biutes, 
Zuni^  la  HerinRnn  's  Hundbuch,  05. 
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combined  cartjon  dioxide  in  the  serum  can  be  explained  only  by  the  occur- 
rence of  bicarbonate  in  the  serum.    By  means  of  vacuum  the  serum  always 
allows  much  more  than  one  half  of  the  carbon  dioxide  to  be  expelled,  and 
it  follows  from  this  that  in  the  pumping  out  not  only  may  a  dissociation  of 
the  bicarbonate  take  place,  but  also  a  conversion  of  the  double  sodium 
carbonate  into  a  simple  salt.     As  we  know  of  no  other  carbon-dioxide  com- 
bination besides    the   bicarbonate  in  the  serum  from  which  the  carbon 
dioxide   can  be   set   free   by   simj)le   dissociation   in   vacuo,   it  must  be 
assumed  that  the  serum   contains  other  weak    acids,  in  addition  to  tiie 
carbon  dioxide^  which  contend  with  it  for  the  alkahes,  and  which  expel  the 
<;arbon  dioxide  from   shnple  carbonates   in   vacuo.    The   carbon  tlioxide 
which  is  expelled  by  means  of  the  pump  and  which,  without  regard  to  the   . 
<juantity  merely  absorbed ^  is  generally  designated  as  ^'carbon  dioxide  in 
loose  chemical  combination,  *  *  m  thus  only  obtained  in  part  in  dissoriabfe 
loose  combinations;   in  part  it  orio^inates  from  the  simple  carbonates^  from 
-which  it  is  expelled  m  vacuo  by  other  weak  acids. 

These  weak  acids  are  thought  to  be  in  part  phosphoric  acid  and  in  part 
globulins.    The  importance  of  the  alkali  phosphates  for  the  carbon-dioxide 
combination  has  been  shown  by  the  investigations  of  Febnet;   but  the 
<iuantity  of  these  salts  in  the  serum  is,  at  least  in  certain  kinds  of  blood, 
for  cxam])le  in  ox-serum,  so  small  that  it  can  hardly  be  of  importance*   In 
regard  to  the  globulins  Setschenow  is  of  the  opinion  that  they  do  not  act 
BB  acids  themselves,  but  form  a  combination  with  carbon  dioxide,  pnxlu&* 
ing  carboglobulinic  acid,  which  unites  with  the  alkali.     Aeconling  t*>  Ser- 
toli/ wliose  views  have  found  a  supporter  in  Toritp,  the  globulins  them- 
selves are  the  acids  which  are  combined  with  the  alkali  of  the  blood-serum* 
In  both  cases  the  globulins  would  form,  directly  or  indire'.'tly,  that  chief 
constituent  of  the  plasma  or  of  the  blood-serum  which,  according  to  the  law 
of  mass  action,  contends  with  the  carbon  dioxide  for  the  alkalies.    By  a 
greater  partial  pressure  of  t!ie  carbon  dioxide  the  latter  deprives  the  globu- 
lin alkali  of  a  part  of  its  alkah  and  bicarbonate  is  fonned;   by  low  partial 
pressure  the  carbon  dioxide  escapes  and  the  bicarbonate  is  abstracted  by 
the  globulin  alkali. 

In  the  foregoing  it  has  been  assumed  that  the  alkali  is  the  most  essential 
and  important  constituent  of  the  blood-serum,  as  well  as  of  the  blood  iii 
general,  in  uniting  with  the  carbon  dioxide.  The  fact  that  the  quantity  of 
carbnn  dioxide  in  the  blood  greatly  diminishes  with  a  decrease  in  the  quan* 
tity  of  alkali  strengthens  this  assumption.  Such  a  condition  is  found,  for 
example,  after  poisoning  with  mineral  aciils.  Thus  Walter  found  only 
2-3  vols,  per  cent  carbon  dioxide  in  the  blood  of  rabbits  into  whose  stomachs 
hydrochloric  acid  had  been  introduced.  In  the  comatose  state  of  diabetes 
mellitus  the  alkali  of  the  blood  seems  to  be  in  great  part  saturated  with  acid 


^  B.oppe-§c^\«t,^V«A..  «:\i5£m^  \3t\^reuch. 
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combinations,  ^xybutyric  acid  (STADELMANN,MiNKOWSKi),and*IiNKOW8Ki* 
found  only  3.3  vols,  per  cent  carbon  dioxide  in  the  blood  in  diabetic  coma* 

Gases  of  the  Lymph  and  Secretions. 

The  gases  of  the  lymph  are  the  same  as  in  the  blood-serum,  and  the^ 
lymph  stands  close  to  the  blood-serum  in  regard  to  the  quantity  of  the 
various  gases,  as  well  as  to  the  kind  of  carbon-dioxide  combination.  The 
investigations  of  Daenhardt  and  Hensen  ^  on  the  gases  of  human  lymph 
are  at  hand,  but  it  still  remains  a  question  whether  the  lymph  investigated 
was  quite  normal.  The  gases  of  normal  dog-lymph  were  first  investigated 
by  Hammarsten.'  These  gases  contained  traces  of  oxygen  and  consisted 
of  37.4-53.1  per  cent  CO,  and  1.6  per  cent  N  at  O''  C.  and  760  mm.  Hg  pres- 
sure. About  one  half  of  the  carbon  dioxide  was  in  firm  chemical  com- 
iDination.  The  quantity  was  greater  than  in  the  serum  from  arterial 
"blood,  but  smaller  than  from  venous  blood. 

The  remarkable  observation  of  Buchner  that  the  lymph  collected  after 
asphyxiation  is  poorer  in  carbon  dioxide  than  that  of  the  breathing  animal 
IS  explained  by  Zuntz  *  by  the  formation  of  acid  immediately  after  death  in 
the  tissues,  and  especially  in  the  lymphatic  glands,  and  this  acid  decom- 
poses the  alkali  carbonates  of  the  lymph  in  part. 

The  secretions  with  the  exception  of  the  saliva,  in  which  PflItger  and 
KuLZ  found  respectively  0.6  per  cent  and  1  per  cent  oxygen,  are  nearly 
free  from  oxygen.  The  quantity  of  nitrogen  is  the  same  as  in  blood,  and 
the  chief  mass  of  the  gases  consists  of  carbon  dioxide.  The  quantity  of 
this  gas  is  chiefly  dependent  upon  the  reaction,  i.e.,  upon  the  quantity  of 
alkali.  This  follows  from  the  analyses  of  Pfluger.  He  found  19  per  cent 
carbon  dioxide  removable  by  the  air-pump  and  54  per  cent  firmly  com- 
bined carbon  dioxide  in  a  strongly  alkaline  bile,  but,  on  the  contrary, 
6.6  per  cent  carbon  dioxide  removable  by  the  air-pump  and  0.8  per  cent 
firmly  combined  carbon  dioxide  in  a  neutral  bile.  Alkaline  saliva  is  also 
very  rich  in  carbon  dioxide.  As  average  for  two  analyses  made  by  PflIj- 
GER  of  the  submaxillary  saliva  of  a  dog  we  have  27.5  per  cent  carbon  diox- 
ide removable  by  the  air-pump  and  47.4  per  cent  chemically  combined 
carbon  dioxide,  making  a  total  of  74.9  per  cent.  Kulz  ^  found  a  maxi- 
mum of  65.78  per  cent  carbon  dioxide  for  the  parotid  saliva,  of  which 
3.31  per  cent  was  removable  by  the  air-pump  and  62.47  per  cent  was 
firmly  combined.    From  these  and  other  statements  on  the  quantity  of 

*  Walter,  Arch.  f.  exp.  Path.  u.  Pharra.,  7;  Stadelmann,  ibid.,  17;  Minkowski, 
Mittheil.  a.  d.  med.  Klink  in  Konigsberg,  1888. 

'Virchow's  Arch.,  37. 

*  Ber.  d.  k.  silchs.  Gesellsch.  d.  Wissensch.,  math.-phys.  Klasse,  23. 

*  Buchner,  Arbeiten  aus  dcr  physiol.  Anstalt  zu  Leipzig,  1870;  Zuntz,  I.  c,  85. 

» Pfluger,  Pfliiger*8  Arch.,  1  and  2;  Kiilz,  Zcitschr.  f.  Biologic,  23.  It  soems 
as  if  Kiilz's  results  were  not  calculated  at  700  milligrams  Ilg,  Iiutrather  at  1  milligram. 
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carbon  dioxkle  removable  by  the  air-pump  and  chemicalh-  combined  in 
the  alkaline  secretions  it  follo^-s  that  bodies  occur  in  them^  although  tiot 
in  appmciable  quantities,  which  are  analogous  to  the  proteid  bodies  (j{ 
the  iilood-^iemm  and  which  act  like  weak  acids. 

The  acid  or  at  any  rate  non-alkaline  secretions,  urine  and  milk,  contain, 
on  the  contrar\%  considerably  less  carbon  dioxide,  which  Is  nearly  all  rermn- 
able  by  the  air-piunp,  and  a  part  seen\s  to  be  loosely  combine<^l  with  the 
sodium  phe)8pliate.  The  figures  found  by  Pfluger  for  the  tijtal  quantity 
of  carbon  dioxide  in  milk  and  urine  are  10  and  18.1-19.7  per  cent  respec- 
tively. 

Ew.\LD  *  has  made  investigations  on  the  quantity  of  gas  in  pathological 
transudates.  He  found  imiy  traces,  or  at  least  only  ver\'  insignificant 
ciuantities  of  oxygen  in  tht^e  fluids.  The  quantity  of  nitrogen  was  ahotjl 
the  same  as  in  blood ;  that  of  carbon  dioxide  was  greater  than  in  the  lymph 
(of  dogs),  and  in  certain  cases  even  greater  than  in  the  blood  after  asphyxi- 
ation (dog's  blood).  The  teuf^ion  of  the  carbon  dioxide  was  greater  than 
in  venous  blood.  In  exudates  the  quantity  of  carbon  dioxide,  especiiilly 
that  fimily  combined,  increases  with  the  age  of  the  fluid,  while,  on  the 
contrary,  the  total  quantity  of  carbon  dioxide,  and  especially  the  quantity 
firmly  combined,  decreases  with  the  quantity  of  pus-corj^uscles* 

II,   The  Exehantje  of  Gas  between  tlie  Blood  on  I  he  One  Hand  and 
Piilnioiiary  Air  mid  the  Tissues  an  the  Other* 

In  the  introduction  (Chapter  I,  p.  3)  it  was  stated  that  we  are  to-day  of 
the  opinion,  derivetl  especially  from  the  researches  of  Pfluger  and  hi? 
pupils,  that  the  oxidations  of  the  animal  body  do  not  take  place  in  \'^ 
fluids  and  juices,  but  are  connected  w^tli  the  form-elements  and  tissues.  It 
is  nevertheless  true  that  oxidatiotLs  take  place  in  the  blood,  although  only 
to  a  slight  extent;  but  these  oxidations  depend t  it  seems,  uj>on  the  km* 
elements  of  the  blood,  hence  it  does  not  contradict  the  above  statement 
that  the  oxidations  occur  exclusively  in  the  cells  and  chiefly  in  the  iist^m- 

Tiie  gaseous  exchauf^^e  in  the  tissues^  which  has  been  designatetl  intcrtial 
respiration,  consists  cluefly  in  that  the  oxygen  passes  from  the  bl(x>d  in  the 
capillaries  to  the  tissues,  while  the  ;u^reat  bulk  of  the  carbon  dioxide  of  the 
tissues  originates  therein  and  passes  into  the  blo<xl  of  the  capillaries.    The 
exchange  of  gas  in  the  km;'s,  which  is  called  external  n^spiration,  consists 
as  is  seen  by  a  comparison  of   the  iaspired  and  expired  air,  in  the  bhxHl 
taking  oxygen  from  tlie  air  in  the  lungs  and  giving  off  carbon  dioxide. 
Tl^is  does  not  exclude  the  fact  that  in  the  limgs,  as  in  ever>^  other  tissue^  aft 
internal  respiration  takes  place,  namely,  a  combustion  with  a  consump- 
tion of  oxygen  and  formation  of  carbon  dioxide.    According  to  Bohr  and 


*a  A.  Ewald,  Arch,  f,  (Anat.  il)  Phj'^iol.,  1873  and  1870. 
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Henbiques  *  the  lungB  indeed  play  so  large  a  part  in  the  total  metabolism 
that  it  may  amount  to  G8  per  cent  of  the  same. 

What  kind  of  processes  take  part  in  this  doul>le  exchange  of  gas?  Is 
the  gaseous  exchange  simply  the  result  of  an  unetjual  tea^sion  of  the  blood 
on  one  side  and  the  air  in  the  lungs  or  tissues  on  the  other?  Do  the  gases 
pass  from  a  place  of  higher  i>rf?ssure  to  one  of  a  lower,  according  to  the  laws 
of  diffusion^  or  are  other  forces  and  processes  active? 

These  questions  are  closely  relatetl  to  that  of  the  tension  of  the  ox3'gen 
and  carlwn  dir^xide  in  the  blood  and  in  the  air  of  the  longs  and  tissues. 

Oxygen  occurs  in  the  blood  in  a  disproportionately  large  part  as  oxy- 
hsemoglobin,  and  the  law  of  the  dissociation  of  oxj-hfemoglobin  is  of  funda- 
mental importance  in  the  study  of  the  tension  of  the  oxygen  in  the  blood. 

If  it  U  recalled  that,  according  to  Bohr,  what  is  generally  termed  oxj'ha^mo- 
globin  is  a  mixture  of  hirmoglobiixs,  whieh  for  one  and  the  same  oxygen  pres- 
sure can  umXe  witli  difTerent  quiiri titles  of  oxygen^  and  tiLso,  as  shown  by  Sieo- 
KKIED,  that  there  exists,  Imsides  the  oxyhiernoglobin,  another  dissooiabk*  oxygen 
combination  of  hipuioglobin,  namely,  i>seudohaMiioglobin,  it  seems  that  there  are 
i-evcral  importtitit  preliminary  questions  to  solve  Ix^fore  we  rome  to  a  discussion 
of  the  dissociation  conditions  of  oxyhicmoglobin.  .\s  the  above  statements  are 
in  j)art  eoiitradicted  and  in  part  not  sutTitnently  proved,  and  as  also,  areording 
to  HuFfiER,  no  difference  exists  l>etwecii  an  oxyhicmoglobin  solution  and  a  solu- 
tion of  blood-eorpuscles  in  regard  to  its  delivery  of  oxygen,  the  above  statements 
can  be  set  aside  for  the  present  and  only  the  generally  accepted  and  authori- 
tative assertions  distiussed* 

For  the  understanding  of  the  laws  by  which  the  oxygeo  is  taken  up 
by  the  blood  in  the  alveoli  of  the  lungs  the  investigations  on  the  dissocia- 
tion of  oxyhaemtjglobin  are  important,  and  thase  especially  which  relate  to 
tlie  dissociation  at  the  temperature  of  the  body  are  of  great  physiolog- 
ical interest.  Several  investigators  have  experimented  on  this  subject, 
especially  G.  Hufxicr.'  He  has  proveci  the  important  fact  that  a 
freshly  prepared  solution  of  pure  oxyha^moglobin  crj^stals  does  not  act 
unlike  freshly  defibriuated  blood  as  regards  the  dissociation  of  oxyhemo- 
globin. He  also  showed  that  the  ciissociation  is  dependent  upon  the  con- 
centration, namely,  that  at  a  given  pressure  a  dilute  solution  is  more 
strongly  dissociated  than  a  more  concentrated  solution.  He  found  for 
solutiotis  containing  14  per  cent  ha^moglobhi  that  the  dissociation  at 
35^  C.  and  an  oxygen  partial  pressure  of  75  mm,  Hg  was  only  verj-  insig- 
nificant and  only  little  greater  than  with  a  partial  pressure  of  152  mm. 
In  the  first  instance  96.S0  per  cent  of  the  total  pigment  w^as  present 
as  oxyhaMiKiglobin  and  3.11  per  cent  as  h£emoglobtn^  while  in  the  other 
case,  at  152  mm.  pressure,  the  respective  figure  wTre  98.42  per  cent  and 
1,58  per  cent.  The  dLssociation  Ijccomes  stronger  first  with  an  oxygen 
partial  pressure  of  about  75  mm.  Hg  and  downwards  and  corresponds 

» Centmlbl.  I  Physiol,  fi,  and  Maly's  Jahresber.,  27. 

'Du  Bois^Reymond^s  Arck,  1890,  where  the  oldor  works  on  this  topic  are  cited. 
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to  an  increase  in  the  quantity  of  reduced  haemoglobin;  but  even  witli  an 
oxygen  partial  pressure  of  r50  mm.  Hg  the  quantity  of  hsemoglobin  was 
only  4,6  per  cent  of  the  total  pigment. 

Fmm  these  and  older  researches  by  Hufner/  which  were  made  at 
35°  or  39°  C,  it  follows  that  the  partial  pressure  of  the  oxygen  mar  be 
reduce^l  to  one  half  of  the  atmospheric  air  without  influencing  esseotMy 
the  rjuantity  of  oxygen  in  tlie  blrnvd  or  a  corresponding  solution  of  oxy- 
hyeinoglobin.     This  corresponds  well  with  the  experience  of  Fraxkel  and 
Geppert  ^  on  the  action  of  dinninished  air-pressure  on  the  quantity  of 
oxygen  in  the  blood  in  dogs.     With  an  air-pressure  of  410  mm.  Hg  they 
found  the  quantity  of  oxygen  in  arterial  blood  to  be  normal.    With  ^M 
pressure  of  378-355  mm.  it  was  slightly  diminished,  and  only  on  decreas^^ 
ing  the  pressure  to  300  mm,  w^as  the  diminution  comsiderable.    The  lowest 
limit  for  the  oxygen  pressure  in  the  alveoli  air  at  which  the  normal  qimlita- 
tive  and  quantitative  exchange  of  material  may  go  on  has  been  found  by 
A.  LoEWY  ^  to  be  cfjual  to  a  pressure  of  30  mm.  Hg.     The  reason  why 
low^ering  the  alveolar  oxygen  tension  below  this  limit  the  metabolism 
pears  similar  to  tissue  dyspnoea  he  explains  by  the  fact  of  such  a  marki 
increase  in  the  dissociation  of  the  oxyhDenioglobm  that  an  insuiBcicnt  qui 
tity  of  oxj^gen  is  supplied  to  the  tissues.     This  opinion  is  disproved  by  tl 
researches  of  Hufxer  on  the  dissociation  of  oxyhaBmoglobin  in  which  i^i 
an  oxygen  partial  pressure  of  30  mm.  Hg  about  92  per  cent  is  stdl  saturate 
with  oxygen.     For  this  reason  I/3E\\n:^  has  made  newer  experiments  on 
the  dissociation  of  oxyhs&moglobin  in  human  blood  and  has  obtained  flif- 
ferent  results  than  Hufner.     With  an  oxygen  pressure  of  35-37  mm.  Hg 
he  never  found  above  80  per  cent  saturation.    With  a  pressure  of  35  ni 
the  saturation  was  about  77  per  cent  (Hufxer  93  per  cent) ;   at  30 
75  per  cent  (Hufner  92  per  cent) ;  at  25  mm.  65  per  cent  (Hufner  at>out 
91  per  cent),  and  at  22-23  mm.  about  5S  per  cent.     As  explanation  for 
these  differences  in  the  results  of  the  two  experimenters  Loewy  suj 
the  possibiUty  that  there  possibly  exists  a  difference  in  the  corabi 
power  for  oxygen  between  crystalline  haemoglobin  and  the  hjemnglal 
of  the  fresh  blood.    Still  it  must  be  remarked,  as  above  stated,  that  ac 
ing  to  the  special  investigations  of  Hufner  a  freshly  prepared  solui 
of  oxyhtemoglobin  cry^stab  does  not  1>ehave  different  in  any  way  in  rcgaSl 
to  the  dis.sociation  of  oxyhiemoglobin  from  fresh,  defibrinated  blood 
above  differences  cannot  be  satisfactorily  ex|>lained. 

Tlie  taking  up  of  oxygen  from  the  air  Ls,  according  to  Rosenth, 

>  Du  Bois-Heyinorid's  Ar<?k,  WMl 

* ' '  Uebcr  die  W^rkungeii  dcr  vcrdiinnten  tuft  aiif  den  Organismus.  * '     Berlin,  Ij 

'A.  Loewy;   •'lintersncfi,   uber  die   Respiration   tmd  Circulation/*   etc.     Berfin* 
1895;  also  CentrarbL  f.  PhyBml.,  U,  4-19,  and  Arvh.  C  (Anat.  u,)  Physiol,  1900. 

*  Arch.  f.  (Anat.  u,)  PhyaioL,  1898,  and  especially  1902.    See  abo  Durig,  i 
1903,  SyppL 
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not  as  independent  upon  the  quantity  of  oxj^gen  as  is  generally  considered^ 
based  ujxin  the  investigations  of  Rbgnault  and  Rieset.  Rosenthal  has 
found  that  at  least  witlx  tjuick  exchange  of  the  oxygen  content  of  the  air^ 
the  taking  up  of  oxygen  with  diminished  oxygen  content  diniinlshes  and 
with  increased  content  it  is  raised.  As  the  carbon-dioxide  excretion  is 
not  hereby  corre^^pondingly  changed  the  oxygen  is  stored  uji  in  the  tissues, 
according  to  Rosenthal,  when  an  increasetl  absori^tion  of  oxygen  takes 
f>lace,  while  with  diminished  oxygen  the  deficit  Is  replaced  from  the  reserve 
oxygen  snppl>'  of  the  tissues.  Everj"  cell  contains  bodies  whicli  fix  oxygen, 
and  when  neee.ssar\^  tliey  readily  give  this  off.  This  oxygen  has  been 
called  intracellular  ox>'gen  by  Rosenthal. 

It  may  be  concluded  from  the  large  quantity  of  oxygen  or  oxyhiemo- 
globin  in  the  arterial  blood  that  the  tension  of  the  oxygen  in  the  arterial 
blood  must  be  relatively  higher.  From  the  investigations  of  several  experi- 
menters,  such  as  P,  Bert,  Herter,^  and  Hufxer,  who  experimented 
partly  on  living  animals  and  partly  with  haemogk^bin  solutions,  we  may 
assume  the  tension  of  the  oxygen  in  arterial  blood  at  the  temperature  of 
the  boily  to  be  equal  tn  a  partial  f»xygen  pressure  of  75-SO  mm.  Hg. 

Let  US  now  conqjare  these  figures  with  the  tension  of  the  oxygen  in 
the  air  of  the  lungs. 

Numerous  investigations  as  to  the  composition  of  the  inspired  atmos- 
pheric air  as  %vell  as  the  expired  air  are  at  hand,  and  it  can  ho  said  that 
these  two  kinds  of  air  at  0°  C.  and  a  pressure  of  760  mm.  Hg  have  the  fol- 
lowing average  composition  in  volume  per  cent: 

OxygQin.  Nltrogf$n.     Curboti  Dioxide. 

Atmospheric  tiir 20.96  79 .02  0.03 

Expired  air 16.03 


79.59 


4.38 


The  partial  pressure  of  the  oxygen  of  the  atmospheric  air  corresponds 
at  a  noniial  barometric  pressure  of  760  mm.  to  a  pressure  of  160  mm.  Hg, 
The  loss  oi  oxygen  which  t!ie  inspired  air  suffers  in  respiration  amounts  to 
about  4.93  per  cent,  while  the  expired  air  contains  about  one  hundred 
times  as  much  carbon  dioxide  as  the  iaspired  air. 

The  expired  air  is  therefore  a  mbcture  of  alveolar  air  with  the  resj*hie 
of  inspired  air  remaining  in  the  air-passages;  hence  in  the  study  of  the 
gaseous  Exchange  in  the  lungs  the  alve^jlar  air  must  tii^t  he  considereil. 
There  does  not  exist  any  direct  determination  of  the  composition  of  the 
alveolar  air  in  man,  but  only  approximate  calculatioiLS,  From  the  aver- 
age results  fnufid  by  Vikrordt  in  nonnal  respiration  for  the  carbon  diox- 
ide in  the  expired  air,  4.63  per  cent,  Zuntz  '  has  calculated  the  probable 
quantity  of  carbon  dioxide  in  the  alveolar  air  as  equal  to  5.44  per  cent. 
If  we  start  from  this  value  with  the  assumption  that  the  quantity  of  nitro- 

*  Bert,  Ln  pressii>n  haromctrique,  Paris,  1878;  Herter,  Zeitschr,  f,  physiol.  CheoL,  8. 
'Sec  Zuntx,  1.  c,,  105  and  100. 
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gen  in  the  alveolar  air  does  not  essentially  differ  from  the  expired  air, 
and  atlmit  that  the  quantity  of  ox^^gen  in  the  alveolar  air  is  6  per  cent 
less  than  the  inspire^:!  air,  it  will  be  ivcen  that  the  alveiilar  air  contains  15 
per  cent  oxygen,  corresponding  to  a  partial  pressure  of  115  mm.  Hg. 

There  are  several  direct  determinations  of  the  alveolar  air  of  dogs  by 
Pfluger  and  his  pupib  Wolffherg  and  Nussuaum.*  The^^e  determina- 
tions whicli  sliow  that  the  alveolar  air  is  not  much  richer  in  carbon  dioxide 
than  the  expired  air  have  been  performed  by  means  of  the  jso-calleii  Img- 
caiJieter, 

The  principle  of  this  method  is  as  follows:  By  the  introduction  of  a  catbeter 
of  a  Bpecial  const  ruction  into  a  branch  of  a  bronchus  the  corre^fponding  lobe  of 
the  linif^  may  Ijc  hciTnctrcally  .scaled,  while  in  thr  other  lobes  of  llit*  same  luii£,aiid 
in  the  other  !ung,  the  ventilation  remiiins  unchanged*  so  that  no  accimiiiktion 
of  carbon  dioxide  takci<  place  in  the  blot>d.  When  the  cutting  off  lasts  so  hug  Ibt 
a  romplete  equalization  Ijctwccn  the  gases  of  the  blood  and  the  retained  air  of 
the  lunga  is  assumed,  a  sum  pie  of  this  air  of  the  lungs  is  removed  by  mcoasof 
the  catheter  and  analyzed. 


In  the  air  thu>s  obtained  from  the  lungs  Wolffberg  and  NussBAm 
found  an  average  of  3.6  per  cent  CO,.  Xussbaum  has  also  determmed  the 
carbon-dioxide  tension  in  the  blood  from  the  right  heart  in  a  ca:^'  simul- 
taneous with  the  catheterization  of  the  lungs.  He  found  nearly  itlenticd 
resiUt,^,  namely,  a  carbon-dioxide  tension  of  3,84  per  cent  and  3.81  pcf 
cent  of  an  atmosphere^  whicli  also  shows  that  complete  equalization  between 
the  gases  of  the  blood  and  lungs  in  t!ie  enclosed  part^s  of  the  luiigs  haJ 
taken  place.  From  these  investigations  it  can  l>6  calctilated  that  the 
quantity  of  oxygen  in  the  alveolar  air  of  dogs  is  about  16  i>er  cent,  which 
coiTcsponds  to  an  oxygen  partial  pressure  of  about  122  mm.  Hg,  This 
pressure  is  consiilerably  higher  than  the  oxygen  tension  in  arterial  blood, 
and  the  oxygen  absorj^tion  from  the  air  of  the  lungs  takes  place  simply 
according  to  the  laws  of  diffiLsion. 

According  to  Bohr  ^  the  facts  are  otherwise,  and  the  hings  ore  active  in 
the  taking  up  of  oxygen. 

He  exi>erimented  on  dogs,  allowing  the  blood,  whose  coagulation  had  been 
prevented  by  the  injcetion  of  jTeptone  solution  or  infusion  of  the  leech,  to  flow 
from  one  bisected  earotid  to  the  other,  or  from  the  femoral  artery  to  the  femoral 
vein,  through  an  apparatus  called  by  him  an  ha*mataerometer.  The  apparatuSt 
which  58  a  modilication  of  LtHnviij's  rhcometcr  {j^tromuhr},  allowed,  according 
to  HniiUt  of  a  comjilete  iiitcrchfuige  lietwt^ni  the  gases  of  the  blood  circulatiHg 
through  the  appuratus  and  a  quuntiiy  of  gas  whose  composition  was  known 
at  the  beginning  of  the  experiment  and  endostMi  in  the  apparatus.  The  mixture 
of  gases  wfks  analyzed  after  an  equalization  of  the  gases  by  diffusion.  In  this 
way  the  tension  of  the  oxygen  and  carbon  dioxide  in  the  circulating  arterial  i 
blood  was  determined.  During  the  experiment  the  composition  of  the  inspired 
and  expired  air  was  also  determined,  the  intrabcr  of  inspirations  noted,  and  the 

'  Wolfn>erg,  Pflug^er's  Arch.,  6;   Nusabaum,  ibid>,  7, 

»Skand.  ArcK  I.  V\\>pi\o\.,l. 
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extent  of  respiratory  exchange  of  gas  measureil.  To  be  able  to  make  a  rnmparison 
between  the  gas  tension  in  tne  blood  and  in  an  expired  air  whose  eonijxjsition  was 
^doser  to  the  unknown  eomi^sition  of  the  alveolar  air  tlian  ihe  ortiinary  expired  air, 
■be  composition  of  the  cx]>ired  air  at  the  moment  it  jiaiwed  the  bifurration  of  the 
^N^chea  was  ascertained  by  speeial  ealeidation.  The  tension  of  the  gases  iti  this 
"bifureated  air"  could  be  eomijared  with  the  tension  of  the  gases  of  the  blood, 
^Bnd  in  such  a  way  that  the  compariiioa  tCMik  place  simultaneously. 

'     Bohr  found  remarkably  higli  n?siilts  for  the  oxygen  tension  in  arterial 
blood  in  this  series  of  exijerioierits.     Tliey  varied  between   101  and  144 
mm,  Hg  pressure.     In  eight  out  of  nine  experiments  on  the  breathing  of 
atmospheric  air,  and  in  four  out  of    five    experiments  on    breathing  air 
containing  carbon  dioxide,  the  oxygen  tension  in  the  arterial   blood  was 
higher  than  the  ' '  bifurcated  air. '  *    The  greatest  difference,  where  the  oxy- 
tension  was  higher  in  the  blood  than  in  the  air  of  the  lungs,  was  38  mm.  Hg. 
According  to  Bohr  we  cannot  simply  explain  the  taking  up  of  oxygen 
by  the  blood  from  the  air  of  the  lungs  by  a  higher  partial  pressure  of  the 
ox\^gen.     The  difference  in  tension  between  the  two  sides  of  the  walls  of 
the  alveoli  therefore  may  not  be  the  only  force  which  ser\^es  in  the  migra- 
tion of  the  oxygen  through  the  lung  tissue,  and  the  lungs  themselves  must 
exercise  an  unknown  specific  action  in  the  taking  up  of  oxygen. 

HiJFNER  and  FRfeoERicQ  ^  have  made  the  objection  to  Bohr's  experi- 
ments and  views  that  a  perfect  equilibrium  had  probably  not  been  attained 
tetween  the  air  in  the  apparatus  and  the  ga^ses  of  the  blood,  FRiiDERicQ, 
\>y  new  experiments,  has  presentei  strong  objeetions  to  the  acceptance  of 
Bf>HR's  findings.  On  the  other  hand  Haldane  and  Smith's^  recent 
experiments  upon  an  entirely  different  principle  show  results  which  con- 
tradict the  ordinary  doctrine  of  the  oxygen  absorption  in  the  lungs. 

Haldajte's  method  la  as  follows:  The  individual  experimented  upon  is  allowed 
to  inspire  air  containing  an  exaeth'  known  but  small  quantity  of  carbon  monoxide 
(0,045-0.06  i>er  cent)^  until  no  further  absorption  of  carbon  monoxide  takes  place 
and  the  percentage  saturation  of  the  haemoglobin  in  the  arterial  blood  with 
carbon  monoxide  has  become  constant,  as  shown  by  a  special  titration  method. 
Thii  jx^rcentage  saturation  m  de[>eiKletit  upon  the  relation  between  the  tension 
of  the  oxygen  in  the  blood  and  the  tension  of  the  carbon  monoxide,  a«  known 
from  the  comixisition  of  the  inspired  air.  When  this  last  and  the  percentage 
saturation  witn  carbon  nifjnoxide  and  oxygen  arc  known  the  oxygen  tension  in 
the  blood  can  be  easily  calculated. 

Haldane  and  Smith  calculate  the  tension  of  the  oxygen  in  arterial 
human  blood  at  an  average  of  26.2  per  cent  of  an  atmosphere,  i.e.,  equal 
approximately  to  2CX)  mm.  Hg.  In  agreement  with  Bohr  the  view  is  held 
that  diffusion  alone  cannot  explain  the  passage  of  oxygen  from  the  lungs  to 
the  blood,  and  that  this  question  requires  further  investigation. 

»  Hufner,  Du  Boii*-Reymoturs  Arch..  1890;    Fr^'dencq.  Centralbi  f.  PhyaioL,  7, 
&Dd  TravaiJx  du  laboratoire  de  rinstitut  de  physiologic  de  Li6ge,  S,  189C» 
'  Haldane,  Joum.  of  PhysiaL,  IH;   llddane  and  Smith,  ibid.,  20. 
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M  the  hflpmoglobiii  obtained  from  different  blood  portions  doea  Dot.,  accordinij 
to  BoHR^  always   take  up  the  same  quantity  of  oxygen  for  each  gram,  m  the 
hjemoglobin  within  the  blcjod-«n>r]jaisele  may  yhow  a   similar  behavior.    He  calls 
the  quantity  of  oxygen  ([neiLsured  at  (fL\  and  TtK)  mm*  Hg)  which  is  thV 
by  1  gram  of  htrnioghtbin  of  the  blotHl  at  15^  C.  and  an  oxygen  pressure  of  1 ' 
the  specific  oxygrn  capacity.^    This  quantity,  he  elaims,  may  be  different  inA  my 
m  different   mdiviualji,  but  ako  in  the  different  vascular    systems  of   the  5Mie 
animal  p  and  it  may  abo  Ije  changed  experinienally  by  bleeding,  brea thine  air 
deficient  in  oxygen,  or  iwiisoning.     It  ia  now  evideut  tbat  one  and  the  same  quau- 
tity  of  oxygen  in  the  blood,  other  things  l>eing  equah  m^a^t  have  a  differtii' 
sion  aeeording  as  the  specitic  oxygen  eapaeity  is  greater  or  •smaller.     The  ' 
of  the  oxygen^  Bohr  says,  may  t>e  changed  without  ehang  ng  the  quaniuy 
oxygen  J  and  the  animal  body  must,  according  to  him,  have  means  of  varying  t 
tension  of  the  oxygen  tn  the  tissues  in  a  short  time  without  changing  the  quantity 
of  oxygen  contained  in  the  blood.     The  great  iui[Hirtanee  of  snch  a  pmj)erty* 
the  tissues  for  respiration  is  evident ;  but  it  is  peihai^s  too  early  to  give  a  j 
opinion  on  Bohr's  statements?  and  experiments* 

The  tension  of  the  carbon  dioxide  in  the  blood  has  been  determined  i 
different  ways  by  PflDger  and  his  pupils,  \VolpfberG|  Strassburo,  ^I 

According  to  the  aerotonometnc  method  the  blow!  is  allowed  to  flow  dirwtl] 
from  the  artery  or  vein  through  a  ghiss  tul>e  which  contaiiis  a  gas  raixtun;  of  i 
known  composition.  If  the  tension  of  the  carlK>n  dioxide  in  the  blocni  is  gn*jitai 
than  the  gas  mixture,  then  the  blood  gives  up  carbon  dioxide,  while  in  the  f^ve 
eas<*  it  takes  up  carbon  dioxide  frrjin  the  gas  mixture*  The  atualysis  of  the  { 
luixture  after  passing  the  blood  through  it  will  al  o  decide  if  the  tension  oi  ih^ 
carbon  dioxide  in  the  blood  is  greater  or  less  than  in  the  gas  mixture;  an*!  by  a 
sufficiently  great  number  of  determinations,  esjiei^ially  when  the  quantity  of  c«rtton 
dioxide  of  the  gas  mixture  corresponds  as  nearly  as  |>ossible  in  the  beginning  to 
the  probable  tension  of  this  gas  in  the  blootl,  we  may  learn  the  t^nsiou  of  tbe 
carbon  dioxide  in  the  blood. 

According  to  thi^s  method  the  carbon-dioxide  tension  of  the  arterial 
blood  Is  on  an  average  2,S  per  cent  of  an  atmosphere,  corresponding  to  & 
pressure  of  21  mm.  mercury  (Strassburg).  In  the  blood  from  the  pul- 
monary alveoli  Nussb.vum  found  a  carbon-dioxide  tcasion  of  3. 81  per  cent 
of  an  atmosphere,  corresponding  to  a  pressure  of  2S,95  mm.  mercun'- 
Strassburg,  who  experimented  in  non-tracheotomized  dogs  in  which  the 
ventilation  of  the  lungs  was  less  acti%^e  and  therefore  the  earlxm  lUoxid^ 
was  removed  from  the  blootl  with  less  readiness,  found  in  the  venous  bl<^ 
of  the  heart  a  carbon-dioxide  tension  of  6.4  per  cent  of  an  atmospherfti 
KvrresjMinding  to  a  partial  pressure  of  41.01  mm.  mpreur\\ 

Another  method  is  the  catheterization  of  a  lobe  of  the  lungs  (  ee  page 
608).  In  the  air  thus  obtained  from  the  lungs  Ncssbactm  and  Wolffiieeo 
fountl  an  average  of  3.6  per  cent  CO^.  Nussbacm,  as  previously  nientionc<l 
lias  also  determinal  the  earlxjn-dioxide  tension  in  the  blood  of  the  pul- 

»B«br.  Ceotfalbl  f.  Physiol,  4, 

•  W'oMberg,  Pftuger's  AjcU.^  ^',  ^\.TBjaa\>Mi^,  \bijd.;  ^vsjaabaum^  t&id,  7. 
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monary  alveoli  in  a  case  siraultaneousiy  with  the  catheterization  of  the 
lungs.  He  found  nearly  identical  results,  namely,  a  carbon-dioxide 
tension  of  3. 84  per  cent  ami  3.81  per  cent. 

Bohr,  in  hi;*  experiments  above  mentioned  (page  608),  has  arrived  at 
other  results  in  r^ard  to  the  carbon-tlioxide  tension.  In  eleven  experi- 
ments with  inlxalation  of  atmospheric  air  the  carbon-<:lioxide  tension  in  the 
arterial  blood  varied  from  0  to  38  mm.  Hg,  and  in  five  expt^riments  with 
inhalation  of  air  containing  carUrn  dioxide,  from  0.9  to  57.8  mm.  Hg,  A 
comparison  of  the  carbon-dioxide  teasion  in  the  blomi  with  the  bifurcated 
air  gave  in  several  cases  a  greater  carlxmHiioxide  pn^ssure  iji  the  air  of  the 
lungs  than  in  the  blood,  and  as  maximum  this  difference  amoimted  to 
17.2  mm,  in  favor  of  the  air  of  the  lungs  in  the  experiments  with  inhalation 
of  atmospheric  air.  M  the  alveolar  air  is  richer  in  carbon  dioxide  than  the 
bifurcated  air,  this  ex|)eriment  unquestionably  proves^  according  to  Bohk, 
that  the  carton  dioxide  has  migrated  against  the  high  pressure. 

In  opposition  to  these  investigations,  FR^iDKUKXi/  in  his  alK)ve-men- 
tioned  experiments,  obtained  the  same  figures  for  the  carbon-dioxide  ten- 
sion in  arterial  peptone  blood  as  Pfluger  and  hh  pupik  found  for  normal 
blood.  WEisGERiiERj^  lu  FRfeDERicQ's  lalx>ratory,  has  made  experiments 
with  animals  which  respired  air  rich  in  carbon  dioxide,  and  these  experi- 
ments conhrm  Pfluoer'h  the^jry  of  respiration.  Recently  Falloise  has 
made  determinations  of  the  carlmn-^lioxide  tension  of  venous  blood  by  means 
of  Fr6uericq'^>  aeorotonometer.  The  carbon-dioxide  tension  was  found 
to  e<[ual  6  per  cent  of  an  atmosphere,  hence  somewhat  higher  than  the 
results  found  by  Pflcgefi^s  pupils.  Tlie  low  figures  obtained  by  Bohr 
for  the  carbon-dioxide  tension  appear  remarkable  when  it  is  recalletl  tliat 
tjRANnis  found  in  peptone  blood  which  Lahousse  and  Blachstein  '  had 
shown  was  jxmr  in  carbfui  tlioxide,  a  high  cariKin-dioxide  teiLsion. 

Grandis  *  has  observed  that  the  tens  on  of  the  blood  gase-s  was  increased  by 
the  conreturation  of  he  blood.  As  the  blood  is  cotice  lit  rated  by  an  iiierea*sed 
gi%^ing  otf  of  water  in  the  lungs,  a  temporary  rise  in  the  tpiisioii  of  the  blood  gases 
may  take  plare  liere  which  may  perhaps  expliiin,  afH'ording  to  him,  the  great 
differeiires  oh»er\*ed  by  Boeir  and  Haldane  between  the  tension  of  the  carbon 
dioxide  of  the  blood  and  the  carbon  dioxide  in  the  air  of  the  lung  lot)es» 

A  certain  importance  has  been  ascribed  to  oxygen  in  regard  to  the 
elimination  of  carbon  dioxide  in  the  lungs,  in  that  it  has  an  expelling  action 
on  the  carbon  dioxide  from  its  combinatioas  in  the  blood.  This  statement, 
first  niade  by  Holugren,  has  recently  found  an  a^lvocate  in  Werigo.* 


>  See  foot-note  1,  page  600. 
•Ctentmlbl  f   Physiol  .  IS*.  182, 

'Grandis,  Du  Boi^Heymond's  Arch,  1891;    Lahoune,  ibid.,  ISS9;    Blachsteui^ 
iXfid,,  1891;   FallHae  see  M^y*s  Jabrrsber..  32 
*See  Maly'a  Jiihreeber.,  90 
*  Holmgren   Wien   Sitzungsber  ,  48  Werigo,  PflQger'a  Arch,  &1  and  51 
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Tliis  iavestigator  has  made  ingenioiis  experiments  on  living  amm&Ls  m 
which  he  allows  both  lungs  of  the  animal  to  breathe  separately,  the  uq 
with  hydrogen  and  the  other  with  pure  oxygen  or  a  gas  mixture  rich  in] 
oxygen.  He  invariably  found  a  greater  carbon-dioxide  tension  in  th 
air  sucketA  from  the  lungs  in  the  presence  of  oxygen,  and  he  draws  the  Cf>a 
elusion  from  his  experiments  that  the  oxygen  passing  from  the  lung  alve< 
into  the  bloo^l  raises  the  carbon-ilioxide  tension.  According  tu  WerigoJ 
by  this  action  the  oxygen  is  a  jxrwerful  factor  in  the  elimination  of  carb 
dioxide,  and  therefore  it  Is  not  necessar\^  to  assume  a  specific  action  of  tb 
lung  itself  in  these  processes. 

ZuNTZ '  has  suggested  important  objections  to  the  eonclusioa^  of! 
Werioo,  but  they  have  not  been  substantiated  by  experiment;  lienoe{ 
the  question  is  still  open. 

The  picture  in  regard  to  the  carbon-dioxide  elimination  in  the  liuogs 
is  not  yet  clear,  and  we  must  wait  for  further  light  upon  it. 

From  what  has  been  said  above  (page  604)  in  regard  to  the  internal 
respiration  one  can  conclude  that  it  consists  chiefly  in  that  in  the  capil- 
laries the  oxygen  passes  from  the  blood  into  the  tissues,  while  the  carboQ 
dioxide  passes  from  the  tissues  into  the  blood. 

The  assertion  of  Estor  and  Saint  Pierr?:  that  the  quantity  of  QV(%t\ 
in  the  blood  of  the  arteries  decreases  with  the  remoteness  fmm  the  hearl 
has  been  shown  to  be  incorrect  by  Pfluger,'  and  the  oxygen  tension  iii  \ 
blood  on  entering  the  capillaries  must  be  higher.  As  compared  with  th 
capillaries  the  tissues  are  to  be  considered  as  nearly  or  entirely  free  fron 
oxygen,  and  in  regard  to  the  oxygen  a  considerable  difference  in  pressufl 
must  exist  between  the  blood  and  tissues.  The  possibility  that  tins  diffe^ 
ence  in  pressure  is  sufficient  Xxy  supply  the  tissues  with  the  neeessar)^  quantity 
of  oxygen  is  hanily  to  be  doid^ted. 

Ill  regard  to  the  carbon-^iioxide  teasion  in  the  tissue  it  must  beassun 
h  priori  tliat  it  is  higher  than  in  the  blood.      This  is  found  to  be  tn 
Strassburg  ^  found  in  the  urine  of  dogs  and  in  the  bile  a  carbon-diox 
tension  of  9  per  cent  and  7  per  cent  of  an  atmosphere,  resi^eetively. 
same  experimenter  has,  further,  injected  atmospheric  air  into  a  ligatu 
portion  of  the  intestine  of  a  living  dog  and  analyzed  the  air  taken  out  affl 
some  time.     He  founrl  a  carbon-dioxide  tension  of  7.7  per  cent  of  an  atii 
sphere.     The  carbon-dioxide  tension  in  the  tissues  Is  considerably  gr 
than  in  the  venous  blood,  and  there  is  no  opposition  to  the  view  that  1 
carbon  dioxide  simply  diffuses  from  the  tissues  into  the  blood  according^ 
the  laws  of  diffusion. 


1  Pfliiger'a  Art^li,.  B2 

^  Estor  and  Saint  Pierre  with  Pfliiger  in  Pfluger's  Arch.,  1, 


•Pfluger^s  Arch.,li. 
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That  a  true  secretion  of  gases  occurs  in  animals  follows  from  the  composition 
and  behavior  of  the  gases  in  the  swimming-bladder  of  fi«4bes.  Thi^e  gaaea  con- 
fiisi  of  oxygon  and  nitrogen  with  only  small  qyantitics  of  carbon  dioxide.  In 
fishes  whii'h  do  not  live  at  any  great  depth  the  tjuantity  of  oxygen  is  ordinarily 
as  high  as  in  the  atmosphere,  while  fishes  which  live  at  great  depths  may,  areord- 
ing  to  Hjot  and  others,  t-ontairi  i-onsiderably  more  oxygen  and  even  abiive  SO  \*Qr 
cent,  MoHKAU  has  also  found  that  after  emptying  the  swimming-bladder  by 
means  of  a  trocar  new  air  collecied  after  a  time^  and  this  air  was  richer  in  oxygen 
than  the  atmospheric  air  and  contained  even  85  j_>er  cent  oxygen.  Bohr,  who 
has  proved  and  confirmed  these  stat^^ments,  also  found  that  this  collection  is 
under  the  influence  of  the  nervous  system,  because  on  the  section  of  certain 
branches  of  the  pnenmogastric  nerv^e  it  ia  discontinued.  It  is  beyond  dispute  that 
there  is  here  a  secretion  and  not  a  diffusion  of  oxygen.  Recently  Jaecier  *  has 
given  a  further  explanation  as  to  the  secretory  activity  of  the  swimming-bladder. 

i^everal  methods  have  been  suggested  for  the  study  of  the  quantitative 
relationship  of  the  resinratory^  exchange  of  gas.  The  reader  must  be  referred 
to  other  text-books  for  more  details  as  to  these  methods,  and  we  will  here 
only  mention  the  chief  features  of  the  most  itnjxirtant  methods, 

Regnault  and  Rei set's  MethixL  According  to  this  method  the  animal  or 
person  experimented  u|>on  is  allowed  to  respire  in  tin  enclosed  s|>ace.  The 
carbon  dioxide  is  removed  from  the  air,  as  it  forms,  by  strong  caustic  alkali,  from 
which  the  quantity  may  be  determined,  while  the  oxygen  is  replared  continually 
by  exactly  measured  quantities,  Tliis  method,  which  also  makes  possible  a  direct 
determination  of  the  oxygen  used  as  well  as  the  carLnni  dioxide  produced,  has  since 
been  modified  by  other  investigators,  such  as  PFLi'iiEii  and  his  pupils.  Seegen 
and  XowAK,  ami  HoppE-SEVLEa,  Ri>senthal,  and  Zuntx.' 

Pette.vkofer  s  McikmL  According  to  this  method  the  individual  to  be 
exf>erimented  upon  breuthes  in  a  roi>m  through  whirh  a  current  of  atnms[jheric 
air  is  jiassed.  The  quantity  of  air  jiassed  through  is  carefully  mciisured.  As  it 
is  impossible  to  analyze  all  the  air  made  to  [lass  through  the  cliambi^r,  a  small 
fraction  of  this  air  is  diverted  into  a  branch  line  dming  the  entire  exfXTiment, 
carefully  measured,  and  the  quantity  of  rarbon  dioxide  and  water  determined. 
From  the  comiHJHition  of  tins  air  the  quantify  of  water  and  earlion  ilioxide  con- 
tained in  the  large  quantity  of  air  made  to  piis-s  through  the  chamt>pr  can  be 
calculated.  The  injnsumption  of  oxygen  cannot  \w  directly  determined  in  this 
meiliodt  but  muy  be  calculated  indirectly  hy  difference,  which  is  a  defect  in  this 
method.  The  large  respiration  apparatus  of  Sonuen  and  Ticerstedt  as  well  as  of 
Atwater  and  Rns\  ^  are  bas^^l  y|>on  this  principle. 

Speck's  MetJuHL*  For  briefer  exin'riments  on  man  Speck  has  used  the 
following:  He  breathes  into  two  spirometer-receivers,  on  which  the  gas-volume 
can  be  read  ofT  very  acruraiely,  through  n  m)iuth]>iei*c  with  two  valves,  closing  the 
nose  with  a  clanvp.  The  air  from  one  of  the  spirometers  is  inhaled  through  one 
valve  and  the  expired  air  passes  through  the  other  into  the  other  spirometer. 

'  Biot,  see  Hermann's  Handbuch  d.  Physiol.  4,  Thl.  2,  151;  Moreau»  Compt 
rend.,  57;  Bohr,  Journ.  of  PhystJoI.,  1,>.  See  also  Hiifner,  Du  Bois-Heymond 's  Arch,^ 
1K02;   Jaeger,  Ffliiger's  Arch.,  04, 

'See  Ztuitz  in  Hermann's  Handbuch,  4,  ThL  2,  and  Hoppe-Sevler,  Zeitschr  f, 
physiol,  Chem.,  19;  Rot^enthal,  Arcli.  f.  (.\nat.  u  )  Physiol,  1902;  Zuntz,  Verhandl. 
il  Bcrl    physiol.  GosclLjcti.,  190 L 

*  Prft(nikoff-r's  method;  i*ee  Zuntz,  I  c. ;  Sondcn  and  Tigerstctlt,  Skand.  Arck  f. 
Physiol  ,  (»;  Atwnter  and  liosa.  UnU.  of  Dppt.  of  Agriculture,  tiil     Wiishington, 

*Speck»  Physiologiii  des  meiisftilichen  Athmena,     Leipzig,  1892. 
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By  means  of  a  rubber  tube  roonected  with  the  expiration-tube  an  a<^cll^ately 
niesxsured  part  of  the  expired  air  may  be  passed  into  an  absorption-tube  and 
analyzed. 

ZuNTz  and  Geppert's  Method,^  This  method,  which  haa  been  improved 
by  ZuNTz  and  his  pupib  from  time  to  time,  consists  in  the  following:  The  individual 
being  ex|^)erimented  upon  iiispirea  pure  atmospheric  air  through  a  ver>^  wide 
feed-pipe  knulinj^  from  the  open  air,  the  ii^pired  and  the  expired  air  being  separated 
by  two  valves  (human  ubjeets  breathe  with  closed  nose  by  means  of  a  soft-rubber 
mouthpie<"e,  animals  through  an  air-tight  tracheal  camila).  The  volume  of  the 
expired  air  is  measuretl  by  a  gas-meter  and  an  aliquot  part  of  this  air  colleded 
and  the  quantity  o:  rarljon  dioxide  and  oxygen  determined.  As  the  eompositjofl 
o  the  atmospherir  air  tan  be  considered  as  constant  within  a  certain  limjt,  the 
prwiurtiori  of  carbon  dioxide  as  well  as  the  consumption  of  03cygen  may  be  rcadUy 
ea-culated  (see  the  works  of  Zitxtz  and  his  pupils). 

11anh[ot  and  Richet's  method^  is  characterized  by  its  simplicity,  Tb«e 
investigators  allow  the  total  air  to  pass  through  three  gasometers,  one'  aft^r  tl»e 
other.  The  first  measures  the  inspired  air,  whose  comj)osition  is  known.  The 
second  gasometer  measures  the  expired  air,  and  the  third  the  quantity  of  tbe 
expired  air  after  the  carbon  dioxide  has  been  removed  by  a  suitable  apparatm 
The  quantity  of  carbon  dioxide  produced  and  the  o.xygen  consumed  can  be  readily 
calculated  from  these  data. 

Appendix. 
The  Lungs  and  their  Expectorations. 

Besides  proteid  bodies  and  the  albuminoids  of  the  coniiective-substaDce 
group,  kcilhinf  taurin  (especially  in  ox-lungs),  uric  acidf  and  ino^c  have 
been  foimd  in  the  lungs,  PtRTLET '  claims  to  have  found  a  special  acid, 
which  he  has  called  pul  mo  tartaric  acid,  in  the  lung-tissue.  Glyoogen 
occurs  abundantly  in  the  embrj^onic  lung,  but  is  absent  in  the  adult  organ. 
The  proteolytic  enzymes  also  belong  to  the  physiological  constituents  of 
the  lungs.  They  are  active  in  the  autolysis  of  the  lungs  (Jacobv)  as  well 
as  in  the  solution  of  pneumonic  infiltrations  (Fr.  Mijller^). 

The  black  or  dark-brown  pigment  in  the  lungs  of  human  beings  and  domestic 
animals  consists  chieily  of  carbon,  which  originates  from  the  soot  in  the  sir.  The 
pigment  may  in  part  also  consist  of  melanin.  Besides  carbon,  other  bodies, ^urh 
as  iron  oxidci  silicic  acid,  and  clay,  may  be  deposited  in  the  lungs,  being  inhaled 
as  dust. 

Among  the  bodies  found  in  the  lungs  under  pathological  conditions  must. 
be  specially  mentioned  albumoses  (and  peptones?)  in  pneumonia  and  sup- 
puration, glycogen,  a  slightly  dextrorotatory  carlwhydrate  differing  from 
glycogen  found  by  PourHET  in  consumptives,  and  finally  ako  cellulose, 
which,  according  to  Fheund,®  occurs  in  the  lungs,  blood,  and  pus  of  persons 
with  tuberculosis. 

^  Pfliiger's  Arch.,  42.     See  bUso  Magnu^Leyy  in  PSiiger's  Arck,  55,  10,  In  which 
the  work  of  Zuntz  and  hia  pupils  b  cited. 
HTompt.  rend,,  104. 

*  Cite<l  from  Maly's  Jahresber..  18,  248. 

*  Jacoby,  Zeitschr.  f.  physiol.  Chem.,  33;   Miiller,  Verhandl.  d.  Kongress.  t 
Medizin,  lft02, 

*Pouchet,  CompL  rend,,  *MV,  Ft^wwd,  cited  from  M&ly's  JahreBbefi  16,  471. 
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C.  W.  Schmidt  found  in  1000  grams  of  mineral  bodies  from  the  normal 
human  lung  the  following:  NaQ  130,  KjO  13,  Na^O  195,  CaO  19,  MgO  19, 
Fe^Os  32,  PjOj  485,  SO,  8,  and  sand  134  grams.  According  to  Oidtmann  * 
the  lungs  of  a  14-day-old  child  contained  796.05  p.  m.  water,  198.19  p.  m. 
organic  bodies,  and  5.76  p.  m.  inorganic  bodies. 

The  spu'um  is  a  mixture  of  the  mucous  secretion  of  the  respiratory 
passages,  o^  saliva  and  buccal  mucus.  Because  of  this  its  composition  is 
very  variable,  especially  und?r  pathological  conditions  when  various  prod- 
ucts mix  with  it.  The  chemical  constituents  are,  besides  the  mineral 
substances,  chiefly  mucin  with  a  little  proteid  and  nuclein  substance. 
Under  pathological  conditions  albumoses  and  peptone  (?),  which  are  prob- 
ably produced  by  bacterial  action  or  by  autolysis  (Wanner,  Simon  '), 
volatile  fatty  acids,  glycogen,  Charcot's  crystals,  and  also  crystals  of 
cholesterin,  hsematoidin,  tyrosin,  fat  and  fatty  acids,  triple  phosphates, 
etc.,  have  bean  found. 

The  form  constituents  are,  under  physiological  circumstances,  epithe- 
lium-cells of  various  kinds,  leucocytes,  sometimes  also  red  blood-corpuscles 
and  various  kinds  of  fungi.  In  pathological  conditions  elastic  fibres, 
tspind  formations  consisting  of  a  mucin-like  substance,  fibrin  coagulum, 
pus,  pathogenic  microbes  of  various  kinds,  and  the  above-mentioned 
crystals  occur. 

^Schmidt,  cited  from  v.  Gorup-Besanes.  Lehrbuch,  4.  Aufl.,  727;  Oidtmann, 
ibid.,  732. 

'  Wanner,  Deutsoh.  Arch.  f.  klin.  Med.,  75;  Simon,  Arch.  f.  exp.  Path.  il  Pharm.,  49. 
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METABOLISM  WITH  VARIOUS  FOODS,  AND  THEIR  NECESSITY 

TO  MAN. 

The  conversion  of  chemical  energy  into  heat  and  mechanical  work, 
which  chiiracterizes  animal  life,  leads,  as  pre\doiisly  stated  in  Chapter  I, 
to  the  formation  of  relatively  simple  comjx)unds — carbon  dioxide,  urea, 
etc* — which  leave  the  oi^aaism,  and  which,  moreover,  being  ven^  poor  m 
enei^,  are  for  this  reason  of  little  or  no  value  for  the  body.  It  is 
therefore  absolutely  necessan'  for  the  continuance  of  life  and  the  mmsl 
course  of  the  functions  of  the  body  that  the  organism  and  its  different 
tissues  should  be  supphed  with  new  material  to  replace  that  which  im 
been  exhausted.  This  Is  accomplished  by  means  of  food.  Thiise  hydim 
are  designate  as  food  wfiich  have  no  injurious  action  upon  the  organism 
and  which  serve  as  a  source  of  enei^gy  and  can  replace  those  oonstituetits 
of  the  body  that  have  been  consumed  in  metabolism  or  that  ean  prevent 
or  diminish  the  consumption  of  such  constituents. 

Among  the  numeroiLs  dbsinailar  sutetances  which  man  and  animak 
take  with  the  food  all  cannot  be  equally  necessary  or  have  the  san]e  value. 
Some  perhaps  are  unnecessary^  while  others  may  be  indlspenj>able.  We 
have  learned  by  direct  observation  and  a  wide  experience  that  besides  \ht 
oxygen,  which  is  nec^sar\'  for  oxidation,  the  essential  foods  for  animak  in 
general,  and  for  man  especially,  are  wQler,  mineral-  bodies f  proteins. 


hydraies,  and  /ate.  ^H 

It  Is  also  apparent  that  the  various  groups  of  foodstuffs  neccssar>'  (W 
the  tissues  and  oi^ans  must  be  of  varying  importance;  tlms,  for  instance. 
water  and  the  mineral  bodies  have  another  value  than  the  oi^anic  foods, 
and  the>e  again  must  differ  in  importance  among  themselves.  The  knowl- 
e<Ige  of  the  action  of  various  nutritive  bodies  on  the  exchange  of  matcrml 
from  a  qualitative  as  well  as  a  quantitative  point  of  view  must  be  of  funda- 
mental importance  in  determining  the  value  of  different  nutritive  sub- 
stances relative  to  the  demands  of  the  Ijody  for  food  under  various  condi- 
tions, and  also  in  deciding  many  other  questions — for  instance*  the  proper 
nutrition  for  an  indi\idual  in  health  and  in  disease. 

Such  knowle<l'j:e  can  only  be  attained  by  a  series  of  systematic  iiid 
thorough  observatioas,  in  which  the  quantity  of  nutritive  material,  relative 
to  the  weight  of  the  body,  taken  and  absorbed  in  a  given  time  is  compaml 
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"with  the  quantity  of  final  metabolic  pnxiucts  which  leave  the  organism  at 
Ibe  same  time.  Researches  of  this  kind  have  been  made  by  several  inv^ti* 
gators,  but  above  all  should  be  mentioned  those  made  by  Bischofp  and 
VoTT,  by  Pettenkofeh  and  Voit,  and  by  Voit  and  his  pnpik,  and  by 

RUBVER. 

It  i^  al>salutely  necess^an^  in  researches  on  the  exchange  of  material  to 
be  al>le  to  collect,  analyze,  ami  quantitat.vel}^  estimate  tlie  excreta  uf  th& 
organism,  so  that  they  may  be  compared  with  the  quantity  and  com]x>sition 
of  the  nutritive  Ixidles  ingested.  In  the  first  place,  one  must  know  what 
the  habitual  excreta  of  ilie  body  are  and  in  'what  way  these  bodies  leave  the 
organism.  One  must  also  have  trustworthy  methods  lor  the  ciuantitative 
^timation  of  the  same. 

The  organism  may,  under  physiological  conditions,  be  exposed  to  acci- 
dental or  periodic  losses  of  valuable  material — such  losses  as  only  occur  in 
certain  individuals,  or  in  the  same  individual  only  at  a  certain  period;  for 
instance,  the  secretion  of  milk,  the  jinHliictinn  of  eggs,  the  ejection  of 
semen  or  menstrual  blo«id.  It  is  therefore  apparent  that  th^e  losses  caa 
be  the  subject  of  investii^ation  and  estijnation  only  in  special  cases. 

Tlie  regular  and  constant  excreta  of  the  organism  are  of  tlie  very  great- 
est importance  in  the  study  of  metabolism.  To  these  belong,  in  the  first 
place,  the  true  final  metabolic  products — carbon  dioxuk,  urea  (uric  acid, 
hippuric  acid,  creatinine,  and  other  urinary  coiLstitucnts),  and  a  part  of  the 
u'atcr.  The  remainder  of  the  water,  the  mineral  bodies,  and  those  secre- 
tions or  tissue  constituents— w?/rM5,  digestive  fluuis,  sebum,  pir^piration^ 
and  epidermal  fortnulmn^s — which  are  either  poured  into  the  intestinal 
tract,  or  secreted  from  the  surface  of  the  body,  or  broken  off  and  thereby 
lost  to  the  body,  also  belong  to  the  constant  excreta. 

The  remains  of  food,  Bomctiraos  indigestible,  f^nmetimes  digestible  but  not  acted 
upon,  which  are  contained  in  the  hTees,  and  which  var^'  eoiisiderahly  in  quantity 
and  composition  with  the  nature  of  the  food,  also  belong  to  the  exr reta  olf  the 
organism.  Even  though  these  remains,  whif'h  are  never  absorbed  and  therefore  are 
never  constituents  of  the  animal  ihiids  or  tis^ue.s,  cannot  be  considered  as  excreta 
of  the  body  in  a  strict  sense,  still  their  quantitative  estimation  is  absolutely  neces- 
sary in  certain  ex]>crimentH  on  the  exchange  of  material 

The  determination  of  the  eon.stant  loss  is  in  some  eases  aceompanietl  with 
the  greatest  difficulties.  The  loss  from  the  detached  epidermis,  from  the  seeretion 
of  the  sebaceous  glands,  etc.,  cannot  be  determined  with  exactness  without  diffi- 
culty, and  therefore — as  they  do  not  occa^iion  any  ajipreciahle  loss  because  of 
their  small  quantity — they  need  not  be  considered  in  quantitative  experiments 
on  metabolism.  This  also  applies  to  the  constituents  of  the  mucus,  bile,  pan- 
creatic and  intestinal  juices,  etc,  occurring  in  the  contents  of  the  intestine,  and 
which,  leaving  the  body  with  the  faeces,  cannot  l>e  separated  from  the  other  con- 
tents of  the  intestine  and  tfierefore  cannot  he  qiiantitntivelv  rleterrnined  sepa- 
rately. The  uncertainty  which.  t>e<-!iuse  of  the  intimated  difRculties,  attaches 
it'Self  to  the  results  of  the  exix^rimcnts  s  very  small  as  compared  to  the  variation 
which  is  caused  by  different  indivifhialities,  different  modes  of  living,  different 
foods,  etc.  No  genera!  hut  onlv  a|>r>roxinuUG  values  can  therefore  he  given  for 
the  eoostant  excreta  of  the  human  bod  v. 
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The  following  figure's  represent  the  quantitj'-  of  excreta  for  twenty-four 
hours  from  a  grown  man,  weighing  60-70  kilos,  on  a  mLxed  diet.  The 
numbers  are  compile<Ll  from  the  results  of  differejit  investigators. 

Water , , , 2.500-aiiOO 

Baits  (witli  the  urine),  . , , 20-30 

Ciirl>on  dioxide , .     75(^-900 

Urea 20—10 

Other  rattrogenoua  urinary  constituents, 2-5 

Solids  in  the  excrements.  ............. , . , . .  20^50 

These  total  excreta  are  approximately  dixdded  among  the  various 
excretions  in  the  following  way;  but  still  it  must  not  be  forgotten  that 
tliis  diviision  may  vary  to  a  great  extent  under  various  external  cimirih 
stances:  by  nspiration  about  32  per  cent,  by  the  evaporcUion  from  tk 
skin  17  per  cent,  with  the  urine  46-47  per  cent,  and  with  the  excremenii 
5-9  per  cent.  The  elimination  by  the  skin  and  lungs,  which  is  sometimes 
differentiated  by  the  name  '*  perspiratw  insensibilis'^  from  the  ^^sible 
elimination  by  the  kidneys  and  intestine,  is  on  an  average  about  50  per 
cent  of  the  total  elimination.  This  proportion,  quoted  only  relatively, 
is  subject  to  considerable  variation,  because  of  the  great  difference  in 
the  loss  of  water  through  the  skin  and  kidneys  under  different  circum- 
stances. 

The  nitrogenoiLS  constituents  of  the  excretions  consist  chiefly  of  uiea, 
or  uric  acid  in  certain  animals,  and  the  other  nitrogenous  urinar)^  ct»n- 
stituents.  A  disproportionately  large  part  of  the  nitrogen  leaves  the  body 
with  the  urine,  and,  as  the  nitrogeneouH  constituents  of  this  excretion  are 
final  products  of  the  metabolism  of  proteids  in  the  organism,  the  quantity 
of  proteids  catabolized  in  the  body  may  be  easily  calculated  by  multiplying 
the  quantity  of  nitrogen  in  the  urine  by  the  coefficient  0.25  (  \%^  =  6.25),  if  itb 
admitted  that  the  proteids  contain  in  round  numbers  16  per  cent  of  nitrogen, 

Still  another  question  is  whether  the  nitrogen  leaves  the  body  only  with 
the  urine  or  by  other  channels.  The  latter  Is  habitually  the  case  The  dis- 
charges from  the  int^tine  always  contain  some  nitrogen,  which  as  stated 
in  Chapter  IX  consists  in  part  of  non-absorbed  remnants  of  the  food,  but 
in  chief  jmrt  and  sometimes  entirely  of  constituents  of  the  epithelium  and 
the  secretions.  Under  these  circuTiistances  it  is  apparent  that  one  cannol 
give  any  exact  figures  which  are  valid  for  alt  cases  for  that  part  of  ihe  nitro- 
gen of  the  excrements  which  originates  from  the  digestive  tract  and  from 
the  digestive  fluids.  It  may  not  only  van^  in  different  individuals,  but 
also  in  the  same  individual  after  more  or  less  active  secretion  and  absorp- 
tion. In  the  attempts  made  to  determine  this  part  of  the  nitrogen  of 
the  excrements  it  has  been  foimrl  that  in  man,  on  non-nitnjgenous  or  nearly 
nitrogen-free  food,  it  amounts  in  rcnind  numl>ers  to  somewhat  less  than 
1  gram  per  twenty -four  l\ciut?»  (^RnL\^^R,  Ruqneh).    Even  with  such  food 


NITROGENOUS  EQUILIBRIUM.  619 

the  absolute  quantity  of  nitrogen  eliminated  by  the  faeces  increases  with 
the  quantity  of  food  because  of  the  accelerated  digestion  (Tsuboi  *),  and  is 
greater  than  in  starvation.  Muller'  found  in  his  observations  on  the  faster 
Cetti  that  only  0.2  gram  nitrogen  was  derived  from  the  intestinal  canal. 

The  quantity  of  nitrogen  which  leaves  the  body  under  normal  circum- 
stances by  means  of  the  hair  and  nails,  with  the  scaling  off  of  the  skin,  and 
with  the  perspiration  cannot  be  accurately  determined.  It  is  neverthe- 
less so  small  that  it  may  be  ignored.  Only  in  profuse  sweating  need  the 
elimination  by  this  channel  be  taken  into  consideration. 

The  view  was  formerly  held  that  in  man  and  camivora  an  elimination 
of  gaseous  nitrogen  took  place  through  the  skin  and  lungs,  and  because  of 
(his,  on  comparing  the  nitrogen  of  the  food  with  that  of  the  urine  and 
faeces,  a  nitrogen  deficit  occurred  in  the  visible  elimination. 

This  question  has  been  the  subject  of  much  discussion  and  of  numerous: 
iQvestigations.'  These  investigations  have  shown  that  the  above  assump- 
tion is  unfounded,  and  moreover  several  investigators,  especially  Petten- 
KOFER  and  VoiT,  and  Gruber,*  have  shown  by  experiments  on  man  and 
animals  that  with  the  proper  quantity  and  quality  of  food  the  body  can 
be  brought  into  nitrogenous  equilibrium,  in  which  the  quantity  of  nitrogen 
voided  with  the  urine  and  fajces  is  equal  or  nearly  equal  to  the  quantity 
contained  in  the  food.  Undoubtedly  we  must  admit  with  Voit  that  a 
deficit  of  nitrogen  does  not  exist,  or  it  is  so  insignificant  that  in  experi- 
ments upon  metabolism  it  need  not  be  considered.  Ordinarily,  in  investi- 
gations on  the  catabolism  of  proteids  in  the  body,  it  is  only  necessary  to 
consider  the  nitrogen  of  the  urine  and  faeces,  but  it  must  be  remarked  that 
the  nitrogen  of  the  urine  is  a  measure  of  the  extent  of  the  catabolism  of 
the  proteids  in  the  body,  while  the  nitrogen  of  the  faeces  (after  deducting 
aix)ut  1  gram  on  a  mixed  diet)  is  a  measure  of  the  non-absorbed  part  of  the 
nitrogen  of  the  food.  The  nitrogen  of  the  food,  as  well  as  of  the  excreta, 
b  generally  determined  by  Kjeldahl's  method. 

In  the  oxidation  of  the  proteids  in  the  organism  their  sulphur  is  oxidized 
into  sulphuric  acid,  and  on  this  depends  the  fact  that  the  elimination  of 
sulphuric  acid  by  the  urine,  which  in  man  is  only  to  a  small  extent  derived 
from  the  sulphates  of  the  food,  makes  nearly  ecjual  variations  with  the  elimi- 
nation of  nitrogen  by  the  urine.  If  the  amount  of  nitrogen  and  sulphur 
m  the  proteids  is  considerd  as  16  per  cent  and  1  per  cent  respectively, 
then  the  proportion  between  the  nitrogen  of  the  pmteids  and  the  sulphuric 

*  Rieder,  Zeitschr.  f.  Biologie,  20;  Rubner,  ibid.,  15;  Tsuboi,  ibid.,  35. 
'  Berlin,  klin.  Wochenschr. ,  1887. 

•  See  Regnault  and  Reiset,  Annal.  d.  chim.  et  phys.  (3),  26,  and  Annal.  d.  Chem. 
u.  Pharm.,  73;  Seegen  and  Xowak,  Wien.  Sitzungsber. ,  71,  and  Pfliiger's  Arch.,  26; 
Pettenkofer  and  Voit,  Zeistchr.  f.  Biologie,  16;   Leo,  Pfliiger's  Arch.,  26. 

*Pettenkofer  and -Voit,  in  Hermann's  Ilandbuch,  6,  Thl.  1;  Griiber,  Zeitschr.  f, 
Biologie,  16  and  19. 
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acid,  HjSO^,  produced  by  their  combustion  h  in  the  ratio  5.2:1,  or  about 
the  same  as  in  the  urine  (see  page  532).  The  determination  of  the  quantity 
of  sulphuric  acid  eliniinated  in  the  urine  gives  us  an  important  means 
of  controlling  the  extent  of  the  traasformation  of  proteids,  and  sucb  a 
<;ontrol  Ls  especially  imjiortant  in  eases  in  which  it  is  expected  to  study 
the  action  of  certain  nitrogenous  non-albuminous  bodies  on  the  metabolism 
of  protcids.  A  determination  of  the  nitrogen  alone  is  not  sufficient  in 
such  cases.  A  perfectly  positive  measure  of  the  proteid  eatabolism  can- 
not be  made  from  the  sulphuric  acid  of  the  urine,  as  the  various  protein 
substances  have  a  rather  variable  sulphur  content,  and  on  the  other  hand 
also  a  variable  quantity  of  the  sulphur  in  the  urine  exists  as  so-called 
neutral  sulphur. 

Hie  pseudonucleins,  as  well  as  the  true  nueleins,  may  be  absorbed  more 
or  less  C">mi)letely  from  the  intestinal  tract  and  then  assimilated  {Gvn- 
xiCH,  Sandmeyer,  Marcuse,  Rohmann,  and  I^teinitz,  Loewi,*  and 
others).  On  the  other  hand^  the  phosphorized  protein  substances,  leci- 
thins and  protagoas^  are  also  decomposed  within  the  body,  and  their  phos- 
phorus s  chiefly  eUminated  as  phosphoric  acid  and  also  in  part  as  organic 
phosphorus  (see  page  .525).  For  the^e  reasons  the  phosphorus  b  of 
^reat  importance  in  certain  investigations  on  metabolism. 

If  it  is  found,  on  comparing  the  nitrogen  of  the  f(^od  with  that  of  the 
urine  and  faeces,  that  tliere  is  an  excess  of  the  first,  this  means  that  the 
body  has  increases  1  its  sttick  of  mtrogenous  substances — proteids,    K,  oa 
the  contrarj^;  the  urine  and  fteces  contain  more  nitrogen  than  the  food  taken 
at  the  same  time^  tiiis  denotes  that  the  body  is  giving  up  part  of  its  nitro- 
gen— that  is,  a  part  of  its  ovm  pmteids  has  been  decomposed.     We  can, 
from  the  ciuantity  of  lutrogen,  as  above  stateii,  calculate  the  corresponding 
quantity  of  proteids  by  multiplying  by  6,25.     Usually,  according  to  Vorr's 
prot>osition,   the  nitrogen  of  the  urine  Ls  not  calculated  as  tlecomjxised 
proteids,  but  as  decomposed  muscle-substance  or  flesh.     I^an  meat  con- 
tains on  an  average  about  3.4  per  cent  nitmgen;  hence  each  gram  of  nitro- 
gen of  the  urine  corresponds  in  round  numbers  to  about  30  grams  of  flesh. 
The  assumption  that  lean  meat  contauis  3.4  per  cent  nitrogen  is  arbitrar\% 
and  the  relationship  of  N:C  in   the  proteids  of  drierl  meat,  which  is  of 
great  importance  in  certain  experiments  on  metabolism,  is  given  differently 
by  various  experimenters,  namely,  1:3.22 — 1:3.68.     Argctinskv  found  in 
beef,  after  complete  removal  of  fat  and  subtraction  of  glycogen,  that  tlie 
relatiunship  was  1:3.24  (see  Chapter  XI}, 

*  In  regard  to  the  mvestigations  on  the  metabolism  of  phoephorus  and  the  methodi 
used  therein,  se«  SteiniU,  Pfliiger's  Arch,,  72;  Zadik,  ilnd.^  77;  Leip«iger»  ibid.,  7S; 
Oertel  Zcitschr.  f  physiol  Chcm,,  J?<*;  Mandrl  and  Oertel,  Bull.  Med,  Soienees,  X>  Y. 
Univ.,  l.and  Ehrlich,  Inaug.-Diss.,  Bresliiu,  1900;  Loewi,  Arch,  f,  exp.  Path.  u.  Pharni., 
45.  On  the  absorption  of  casein,  see  Poda,  Prauanita,  Mioko,  and  P.  Midler,  Zeitschr.  f. 
Biologic,  30. 
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The  carbon  leaves  the  body  chiefly  as  carbon  dioxide,  which  is  elimi- 
nated by  the  lungs  and  skin.  The  remainder  of  the  carbon  is  excreted  in 
the  urine  and  faeces  in  the  form  of  organic  compounds,  in  which  the  quan- 
tity of  carbon  can  be  determined  by  elementary  analysis.  It  used  to  be 
considered  sufficient  to  calculate  the  quantity  of  carbon  in  the  urine  from 
the  quantity  of  nitrogen  according  to  the  relationship  N:C=  1:0.67.  This 
does  not  seem  to  be  trustworthy,  as  this  relationship  varies  and  depends, 
according  to  Tangl  and  Pfluger,^  upon  the  kind  of  food.  Tangl  has 
shown  that  the  richer  the  food  is  in  carbohydrates  the  more  carbon  and 
heat  of  combustion  per  gram  of  nitrogen  does  the  urine  contain.  He 
found  the  following  for  1  gram  of  nitrogen  in  the  urine:  With  diet  rich 
in  fat  0.747  gram  C  and  9.22  Calories;  for  carbohydrate-rich  diet  he  found 
0.963  gram  C  and  11.67  Calories. 

The  quantity  of  gaseous  carbon  dioxide  eliminated  may  be  determined 
by  means  of  Pettenkofer's  respiration  apparatus  or  by  other  methods. 
By  multiplying  the  quantity  of  carbon  dioxide  found  by  0.273  one  obtains 
tihe  quantity  of  carbon  eliminated  as  COj.  If  the  total  quantity  of  carbon 
^iminated  in  various  ways  is  compared  with  the  carbon  contained  in  the 
food  some  idea  can  be  obtained  as  to  the  transformation  of  the  carbon 
<;ompounds.  If  the  quantity  of  carbon  in  the  food  is  greater  than  in  the 
excreta,  then  the  excess  is  deposited;  while  if  the  reverse  be  the  case  it, 
shows  a  corresponding  loss  of  body  substance. 

The  nature  of  the  substances  here  deposited  or  lost,  whether  they  con- 
sist of  proteids,  fats,  or  carbohydrates,  is  learned  from  the  total  quantity  of 
the  nitrogen  of  the  excretions.  The  corresponding  quantity  of  proteids  may 
be  calculated  from  the  quant  ty  of  nitrogen,  and,  as  the  average  quantity 
of  carbon  in  the  proteids  Is  known,  the  quantity  of  carbon  which  corre- 
sponds to  the  decomposed  proteids  may  be  easily  ascertained.  If  the 
quantity  of  carbon  thus  found  is  smaller  than  the  quantity  of  the  total 
carbon  in  the  excreta,  it  is  then  obvious  that  some  other  nitrogen-free  sub- 
stance has  been  consumed  besides  the  proteids.  If  the  quantity  of  carbon 
in  the  proteids  is  considered  in  round  numbers  as  53  per  cent,'  then  the 
relation  between  carbon  (53)  and  nitrogen  (16)  is  a^  3.3:1.  If  the  total 
quantity  of  nitrogen  eliminated  is  multiplied  by  3.3,  the  excess  of  carbon  in 
the  eliminations  over  the  product  found  represents  the  carbon  of  the  decom- 
posed non-nitrogenous  compounds.  For  instance,  in  the  case  of  a  person 
experimented  upon,  10  grams  of  nitrogen  and  200  grams  of  carbon  were  elimi- 
nated in  the  course  of  24  hours ;  then  these  62.5  grams  of  proteid  correspond 
to  33  grams  of  carbon,  and  the  difference,  200 -(3.3X10)  =  167,  represents 
the  quantity  of  carbon  in  the  decomposed  non-nitrogenous  compounds.  If 
we  start  from  the  simplest  case,  starvation,  where  the  body  lives  at  the 

» Pfliiger.  Pfliiger's  Arch..  79;  Tangl,  Arch.  f.  (Anat.  u.)  Physiol.  1899,  Supplbd. 
'  This  figure  is  perhaps  a  little  too  high. 
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expense  of  its  own  substance,  then,  since  the  quantity  of  carbohydralo  as 
comparcil  with  the  fats  of  the  body  is  extremely  small,  in  such  cases  ia 
order  t(»  avoid  mii^itakes  the  assumption  must  be  made  that  the  person 
experimented  upon  has  used  only  fat  and  proteids.  As  animal  fat  con- 
tains on  an  average  76.5  per  cent  carbon,  the  quantity  of  transformed  ht 

100 
may  be  calculated  by  multiplying  the  carbon  by  -;;^-^  =  L3.     In  the  case  of 


76.5 


the  above  example,  the  person  experimented  upon  would  have  U!?eil  62.a 
J  grams  of  proteids  and  167X1.3  =  217  grams  of  fat  of  his  own  body  in  the 
course  of  the  twenty-four  hours. 

Start  itig  f  mm  the  nitrogen  balance^  it  can  be  calculated  in  the  same  war 
whether  an  excess  of  carbon  in  the  food  as  compared  with  the  quantity  of 
carbiin  in  the  excreta  is  retained  by  the  body  as  proteids  or  fat  or  as  both. 
On  the  other  hand,  with  an  excess  of  carbon  in  the  excreta  one  can  deter- 
mine how  much  of  the  loss  of  the  substance  of  the  body  is  due  to  a  con- 
sumption of  the  proteids  or  of  fat  or  of  both. 

The  quantity  of  water  and  mineral  bodies  voided  with  the  urine  and 
ffeces  can  easily  be  determined.  The  quantity  of  water  eliminated  by  the 
skin  and  lungs  may  be  directly  estimated  by  means  of  Pettexkofer's 
api>aratus.  The  quantity  of  oxygen  taken  up  is  calculated  as  the  differ- 
ence between  the  weight  of  the  individual  before  the  experiment  plus  all 
the  directly  determined  substances  ingested,  and  the  final  weight  of  the 
individual  plus  all  hb  excreta. 

The  oxygen  may  also  be  determined  directly,  according  to  Regkault- 
RrESET's  method,  or  in  other  ways,  and  such  a  determination  with  tbe 
simultaneous  estimation  of  the  carbon  dioxide  eliminated  is  of  great  impor- 
tance in  the  study  of  metaljolLsm,* 

On  comparing  the  inspired  and  the  expired  air  we  learn,  on  measuring 
them  when  dry  SLiid  at  the  same  temperature  and  pressure,  that  the  vohime 
of  the  expirc<l  air  is  less  than  that  of  the  inspiretl  air.  This  depends  upon 
the  fact  that  not  all  of  the  oxygen  appears  again  in  the  expired  air  as  car- 
bon dioxide,  because  it  is  not  only  used  in  the  oxidation  of  carbon,  but 
also  in  part  in  the  formation  of  w^ater,  sulphuric  acid,  and  other  bodies. 
The  volume  of  expired  carbon  dioxide  is  regularly  less  than  the  volimie  of 

CO 

the  inspired  oxygen,  and  the  relation  --^ ,  which  is  called  the  rcspiraiory 

quotient f  is  generally  less  than  1. 

'  In  re^rard  to  the  methods  for  estimating  the  carbon-dioxide  excretion  and  the 
oxygen  consumption,  see  Zuiitz,  Hemnann 's  Handbuch  d.  Ph^^siol.,  4,  Tl.  2;  Hoppe^ 
Seyler*  Zeitschr.  f.  phyiiiioL  Chem..  19;  Sond^n  and  Tigerste<lt,  Skand.  Arch  f  Physiol, 
(J;  Speck,  Physiol  des  menschl.  Atraens.  Leipzig,  1892;  Znntz  and  Geppert,  Pfluger*8 
Arch.,  42;  Magnus- Levy,  ibid.,  55,  !0,  where  the  works  of  Zuntz  and  his  pupib  are 
cited;  Hanriot  et  Richet,  Compt.  rend.,  104,  and  Atwater,  Bull,  of  Dept.  of  Agrio, 
Wiishiiigton,  No«.  44,  63,  6»,  and  \m 


DETERMINATION  OF   THE  EXTENT  OF  METABOLISM, 


623 


The  magnitude  of  the  respiratory  quotient  is  dependent  upon  the  kind 
of  substances  destroyed  in  the  body.  In  the  combustion  of  pure  carbon 
one  volume  of  oxi^gen  yields  one  volume  of  carbon  tUoxide,  and  the  quo- 
tient is  therefore  equal  to  1.  The  same  Is  true  in  the  buniing  of  carbo- 
hydrates, and  in  the  exclusive  decomposition  of  carbohydrates  in  the 
animal  body  the  respiratory  quotient  must  be  approximately  L  In  the  ex- 
elusive  metabolism  of  proteids  it  is  close  to  0.80,  and  with  the  decomposi- 
tion of  fat  it  is  0.7.  In  starvation,  as  the  animal  draws  on  its  own  flesh 
and  fat,  the  respirator}'  fiuotient  must  be  a  close  approach  to  the  latter 
figure.  The  respbatory  quotient  therefore  gives  im[x>rtant  data  on  the 
quality  of  the  material  decomposed  in  the  lx>dy.  naturally  with  the  suppo- 
sition that  the  elimination  of  carbon  dioxide,  independent  of  the  formation 
of  carbon  dioxide,  is  not  influenced  by  special  conditions,  such  as  the  alter- 
ation of  the  respiratory  mechanism. 

It  is  also  possible  in  systematized  experimentation  to  cany^  on  the 
metabolism  experiments  s<i  that  the  decomposable  material  o!  the  biniy, 
as  shown  by  the  respiratory  quotient,  remains  qualitati\'ely  the  same,  at 
least  for  a  short  tin^e.  In  such  experiments  it  has  been  shown,  especially 
by  ZuNTZ  and  his  pupils,'  that  the  extent  of  oxygen  consumption  may 
be  taken  as  a  measure  for  the  action  of  different  influences  on  the  extent  of 
metabolism.  This  possibility  is  based  on  the  fact  proved  by  PFLf  ger  and 
his  pupils,  and  by  VoiT,^  that  the  consiunption  of  oxygen  within  wide 
limits  is  independent  of  the  supply  of  oxygen,  and  is  exclusively  dependent 
upon  the  oxygen  demand  of  the  tissues.  For  certain  reasons  the  consump- 
tion of  ox>^gen  gives  indeed  a  better  conclusion  than  the  elimination  of 
carbon  dioxide  as  to  the  extent  of  exchange  of  material  and  energ}-;  but 
as  the  same  quantity  of  oxygen  (100  grains)  consumes  different  quantities 
of  fat,  carbohydrates,  and  proteids  in  the  body — namely,  35,  84.4,  and 
74.4  grams  respectively — the  respiratory  quotient  must  also  be  deter- 
mined, in  order  Ui  ascertain  the  nature  of  the  substance  bunit  in  tlie  body, 
simultaneously  w^ith  the  determination  of  the  carbon  dioxide. 

As  the  different  foods  retjuire  different  amounts  of  oxygen  in  the  com- 
bustion of  each  gram  of  substance  and  yield  different  amounts  of  C(\,  each 
gram  of  oxygen  taken  up  and  each  gram  of  carbon  in  the  expired  air  as 
carbon  dioxide  niust  correspond  to  different  heat  values.  This  follows 
from  the  following  table: 


CaJorieB 

Cftloriea 

pergrm.  C 

HdAtiTe 

per  una 
Cnnsutncd 

nel»tiv« 

in  ths  a:>y  of 
the  Expifftd  Air. 

Vftlue, 

Value, 

Uaiygcn. 

In  the  combustion  of  cane-sugar. .  . ,     9.5 

100 

3,M 

118  n 

'•    "           "           "  meat   10.2 

107 

3.00 

U>0.0 

**    **           "           ''fat 12.3 

129 

3.27 

109  0 

*See  foot-not^  1»  page  fi22, 

'  Pflijger^  Pf!ijE:pr*s  Arch  .  6»  10,  and  14;   Finkler,  tbid.f  10;  Finkler  and  Oertmaoiii 
thid^t  14:   Voit*  ZeiUcbr  f.  Biologie,  11  and  14 
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Pfluger  has  found  the  following  figures  for  the  calorific  value  of  1  gram 
oxygen: 

For  muBcle  tissue  free  from  fat 3.30  CaL 

Fat 3.29   ** 

Starch, 3.53   " 

The  figures  for  the  oxygen  differ,  as  seen  above,  less  than  tho^e  for  the  carbon, 
and  this  is  the  reason  why,  m  above  stated,  the  oxygen  consumption  gives  a  murh 
mcire  t'orreet  conclusion  as  to  the  exchange  of  force  than  the  elimination  of  carbon 
dioxide.* 

Kaufmann  *  encloses  the  individual  to  be  experimented  upon  in  a 
capacious  tin  box,  which  ser^^esboth  as  a  respiration-chamber  and  a  calorim- 
eter, and  which  permits  of  the  estimation  of  the  nitro«:en  of  the  urine  and 
the  carlion  dioxide  expired,  as  well  as  the  inspired  ox}'gen  and  the  quantity 
of  heat  fjroduced.  If  we  start  from  the  theoretically  calculated  fommls 
for  the  various  possible  transformations  of  the  proteids,  fats,  and  carbo- 
hydrates in  the  body,  it  is  clear  that  other  values  must  be  obtained  for 
the  heat,  carbon  dioxide,  oxygeiij  and  nitrogen  of  the  urine,  when  one,  for 
example,  atlmits  of  a  complete  combustion  of  proteids  to  urea,  carbon 
diaxide,  and  water,  or  of  a  partial  splitting  off  of  fat.  Another  relation- 
ship between  heat,  carbon  dioxide,  and  oxygen  Is  also  to  be  expected  wheu 
the  fat  is  completely  burnt  or  when  it  is  decomposed  into  sugar,  carbon 
dioxide,  and  ^vat^sr.  In  tins  way,  by  a  comparison  of  the  values  found  in 
special  cases  with  the  figures  calculated  for  the  various  transformations, 
KAUF^L\NN  attempts  to  exidain  the  various  decomposition  processes  in 
the  ])ody  imder  different  nutritive  conditions. 
I.  The  Ciierg^y  and  tlic  Relative  Nutritive  Value  of  Varioui  Orgaaic 

With  the  organic  foods  the  organism  receives  a  supply  of  chemical 
energy  which  is  converted  into  heat  and  mecharucal  work  in  the  bcwiy, 
This  energ}^  of  the  various  foods  may  be  represented  by  the  amount  of  heal 
winch  is  set  free  in  their  combustion.  This  quantity  of  heat  is  expressed  as 
calories,  and  a  small  calorie  is  the  quantit}^  of  heat  necessarj*  to  warm  1  gram 
of  water  from  0^  tf}  P  C.  A  large  calorie  is  the  quantity  of  heat  nec^sarj'  to 
w  arm  1  kil<  j  of  water  1^  C.  Here  and  in  the  following  pages  large  calories  are 
t^  be  imderstood.  There  arc  numerous  investigations  by  different  experi- 
menters, such  as  Fraxkland,  Daxilewski,  Rubner,  Berth  elot,  Stoh: 
and  othei-s,  on  the  calorific  value  of  different  foodstuffs.  The  folio  wing* 
suits,  which  repr^ent  the  calorific  value  of  a  few  nutritive  bodies  on 
plete  combustion  outside  of  the  body  to  the  highest  oxidation  produ< 
are  taken  from  Stohmaxn's'  work. 

^  See  Ad.  Magiius-Levy,  Pfluger 's  Arch,  55,  7,  and  Pfliiger,  ibid.,  77,  78,  and  7^. 

'  Arch.  d.  Physiologie  (5),  8, 

'See  Rubner,  Zeitschr.  f.  Biologie,  21,  which  also  cites  the  works  of  Franklam! 
and  Danilewski :  see  also  Bertbelot,  Compt.  rend.,  lOS,  104,  and  110;  Stohmann, 
ZeJtschr.  f.  Biologie,  ZL 
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OUories. 

Casein 5.86 

Ovalbumin 6 .  74 

Conglutin 5.48 

Proteid  (averse) 6 .  71 

Animal  tissue-fat 9. 50 

J  Butter-fat 9.23 

-  *  Cane-sugar 3 .  96 

Milk-sugar 3.95 

Dextrose 3 .  74 

Starch. 4.19 

Fats  and  carbohydrates  are  completely  burnt  in  the  body,  and  one  can 
therefore  consider  their  combustion  equivalent  as  a  measure  of  the  living 
force  developed  by  them  within  the  organism.  We  generally  designate  9.3 
and  4.1  calories  for  each  gram  of  substance  as  the  average  for  the  physio- 
logical calorific  value  of  fats  and  carbohydrates  respectively. 

The  proteids  act  differently  from  the  fats  and  carbohydrates.  They 
are  only  incompletely  burnt,  and  they  yield  certain  decomposition  prod- 
ucts, which,  leaving  the  body  with  the  excreta,  still  represent  a  certain 
quantity  of  energy  which  Ls  lost  to  the  body.  The  heat  of  combustion  of 
the  proteids  is  smaller  within  the  organism  than  outside  of  it,  and  they 
mast  therefore  be  specially  determined.  For  this  purpose  Rubner  *  fed  a 
dog  on  washed  meat,  and  he  subtracted  from  the  heat  of  combustion  of 
the  food  the  heat  of  combustion  of  the  urine  and  ficces,  which  corresponded 
to  the  food  taken  plus  the  quantity  of  heat  necessary  for  the  swelling  up  of 
the  pn)tei(ls  and  the  solution  of  the  urea.  Rubner  has  also  tried  to  deter- 
mine the  heat  of  combustion  of  the  proteids  (muscle-proteids)  decomposed 
in  the  body  of  rabbits  in  starvation.  According  to  these  investigations, 
the  physiological  heat  of  combustion  in  calories  for  each  gram  of  substance 
is  as  follows : 

1  grm.  of  the  dry  substaDce.  Calories. 

Proteid  from  meat 4.4 

Muscle 4.0 

Proteid  in  starvation 3.8 

Fat  (average  for  various  fats) 9.3 

Carbohydrates  (calculated  average) 4.1 

The  physiological  combustion  value  of  the  various  foods  belonging  to 
the  same  group  is  not  quite  the  same.  It  is,  for  instance,  3.97  calories  for 
a  vegetable  proteid,  conglutin,  and  4.42  calories  for  an  animal  proteid  body, 
syntonin.  According  to  Rubner  the  normal  heat  value  per  1  gram  of 
animal  proteid  may  be  considered  as  4.23  calories,  and  of  vegetable  proteid 
as  3.96  calories.  When  a  person  on  a  mixed  diet  takes  about  60  per  cent  of 
the  proteids  from  animal  foods  and  about  40  per  cent  from  vegetable  foods, 
the  value  of  1  gram  of  the  proteid  of  the  food  is  equivalent  to  about 
4.1  calories.    The  physiological  value  of  each  of  the  three  chief  groups  of 

^  Zeitschr.  f.  Biologie,  21. 
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organic  foodB,  by  their  decoraposition  in  the  body,  is  in  round  numbers  as 
follows: 

1  gram  proteid. 4.1 

1     *'     fat.  ... 0.3 

1     ^  *     mrbohydrate. 4.1 

As  will  be  shown,  the  fats  and  carboh^^dratci^  niuy  <  lee  revise  the  metat^ 
olism  of  proteids  in  the  body,  wliile,  on  the  other  hand,  the  quantity  i)f 
proteids  in  the  body  or  in  the  food  acts  on  the  metalxdism  of  fat  in  the 
body.  In  physiological  combustion  the  various  foods  niay  replace  one 
another  to  a  certain  extent,  and  it  is  therefore  important  la  know  the 
ratio  of  replacement.  The  investigations  made  by  Rubner  have  taught 
that  this,  if  it  relates  to  the  force  and  heat  production  in  the  animal  body, 
is  a  proportion  that  corresponds  wnth  the  figures  of  the  heat  value  of  the 
same.  This  Ls  apparent  from  the  following  table.  In  this  is  found  the 
weight  of  the  various  foods  equal  to  100  grams  of  fat,  a  part  det-^rmined  fmm 
experiments  on  animals  and  a  part  calculated  from  figures  of  the  heat  values. 

IDU  grains  fat  are  &.}usA  to  or  isodynamic  with 

From  Experiments  From  I  he  TAflenmee, 

on  AnimjiU.  Heat  Vikiue.  fwr  (>«at. 

Syntonin.  ,  .  , 225  213  +5,e 

Muscle-tteah  (dried).  . 243  23S  +4.3 

Sl4irch. 232  229  +1,3 

Cane-suRar 234  235  -D 

Dexirtkie 2S6  255  -0 


From  the  given  isodifnamic  imlue  of  the  various  foods  it  follows  that 
these  substances  replace  one  another  in  the  Iwdy^  almost  in  exact  ratio  to 
the  energ>*  contained  in  them*  Thus  in  round  numbers  227  grams  (»f  pp> 
teid  and  carbohydrate  are  equal  to  or  Isodynamic  with  100  grams  of  fat  in 
regard  to  source  of  energy,  because  each  yields  030  calories  on  combustion 
in  the  body. 

By  means  of  recent  ver>^  important  calorimetric  investigations  Ritbxer^ 
has  shown  that  the  heat  produced  in  an  animal  in  several  series  of  eipeiir 
raents  extending  over  forty-five  days  corresponded  to  within  0.47  per  cent 
of  the  phyHit  J  logical  heat  of  combustion  calculate  from  the  deeompose<l 
body  and  fcwids.  Atwater  and  his  collaborators  '  have  made  some  ven' 
thorough  investigations  on  this  subject  on  men.  In  their  experiments 
they  made  use  of  a  large  respiration  calorimeter,  wluch  not  only  ileter- 
mined  exactly  the  excreta  but  also  made  a  calnrimetrie  determiuation  d 
the  heat  given  out  by  the  pereon  experimented  upon,  i.e.,  the  work  per- 
fonned.  From  the  results  of  these  experiments  they  found  nearly  an 
absolutely  complete  agreement  betiveen  the  calories  found  directly  and 
those  calculated. 


*  Bull,  of  T>t^pl.  o^  Xv:t\c.,  Washington,  44,  63,  09,  and  109. 
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This  isodynamic  law  is  of  fundamental  value  in  the  study  of  metab- 
olism and  nutrition.  By  this  law  it  is  possible  to  consider  the  processes 
of  metabolism  as  more  uniform  transformations  of  enei^gy.  The  quantity 
of  energy  in  the  transformed  foods  or  the  constituents  of  the  body  may 
be  used  as  a  measure  for  the  total  consumption  of  eneiigy,  and  the 
knowledge  of  the  quantity  of  energy  in  the  foods  must  also  be  the  basis  for 
the  calculation  of  dietaries  for  human  beings  under  various  conditions. 

The  heat  value  of  a  foodstuff  can  be  directly  determined  in  a  calorim- 
eter but  may  also  be  calculated  from  its  composition.  If  one  subtracts 
from  the  gross  heat  value  of  the  food  obtained  in  one  way  or  another,  the 
combustion  heat  of  the  faeces  and  urine  with  the  same  diet,  there  is  obtained 
the  net  calorific  value  of  the  diet.  This  value,  calculated  in  percentage  of 
the  total  eneiigy  content  of  the  food,  is  called  the  physiological  availability 
by  RuBNER.*  In  order  to  elucidate  this  we  will  give  a  few  of  Rubner's 
values.  The  loss  in  calories,  as  well  as  the  physiological  availability,  are 
calculated  in  percentages  of  the  total  eneiigy  content  of  the  food. 

■p-^                                          LoM  in  per  cent.  Total  loas  Avaibibility 

'^^^^^  In  urine.  In  the  laMes.     in  per  cent,  in  per  cent. 

Cow'smilk 5.13  5.07  10.20  89.8 

Mixed  diet  (rich  in  fat) 3.87  5.73              0.60  90.4 

'*    (poor  in  fat) 4.70  6.00  10.70  89.3 

Potatoes 2.00  5.60              7.60  92.4 

Graham  bread 2.40  15.50  17.90  82.1 

Rye  bread 2.20  24.30  26.50  73.5            • 

Aieat 16.30  6.90  23.20  76.8 

In  order  to  simplify  the  calculation  of  the  energy  exchange  there  exists, 
besides  the  above-mentioned  standard  figures  for  the  physiological  calorific 
value  of  the  organic  foodstuffs,  also  for  the  carbon  of  the  carbon  dioxide, 
and  for  the  oxygen  other  standard  factors.  Thus  for  1  gram  of  meat 
(dry  substance)  free  from  fat  and  extractives  we  have  the  calculated 
value  of  5.44r-5.77  Cal.  Kohler  '  found  5.678  Cal.  for  1  gram  of  ash 
and  fat-free  dried-meat  substance  of  the  ox  and  5.599  Cal.  for  the 
horse.  According  to  Frextzel  and  Schreuer  '  45.4  Cal.  is  calcu- 
lated   for    1    gram    of  nitrogen   in   fat  and   ash-free    dried-meat    faeces 

(dog),  while  6.97  to  7.45  Cal.  is  calculated  for  1  gram  of  nitrogen  in 

PI 

meat-urine.     The  calorific  urine  quotient  -^^  seems  still,  as  found  by 

Tangl,  not  to  be  constant  for  human  beings  at  least,  but  is  dependent 
upon  the  variety  of  food. 

Instead  of  the  direct  determination  the  heat  of  combu-ition  can  also  be  deter- 
mined from  the  elementary  composition  according  to  the  following  principle  as 
suggested  by  E.  Voit.*    If  we  designate  the  heat  of  combustion  for  1  gram  of 

*  Zeitschr.  f.  Biologie,  42. 

*  Zeitschr.  f.  physiol.  Chem.,  31. 

'  The  works  of  Frentzel  and  Schreuer  may  be  found  in  Arch.  f.  (Anat.  u.)  Physiol., 
1901,  1902,  and  1903. 

*  Zeitschr.  f.  Biologie,  44.     See  also  Krummacher,  ibid. 
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the  substance  by  Cal,  and  the  quantity  of  oxygen  necessary  for  the  complete 
combuatioa  of  1  gram  of  the  sybstance  ( =ox>'gen  capacity  of  the  subet&ncp)  by 

c  1 
0,  then     -'  =  K,  which  i  the  combustion  value  for  I  gram    f  oxygen.    The  ox)-gpn 

capacity  can  be  calculated  from  the  elementary  composition,  and  when  the  value 
of  K  is  known,  the  eonibiistion  heat  of  a  chemical  etimpound  or  a  known  mixture 
Clin  be  readi  y  determined  The  value  A'  is  nearly  constant  or  substances  of 
the  mrne  groups;  l>ut  ako  different  groups  show  among  thcm.«!e)ves  on  y  isligjit 
deviation  for  this  value.  Voir  obtained  the  following  values  for  a  few  of 
the  foodstuffs; 

K  (in  kK.  CaI.)  O  Car>&ciiy. 

Plant  protcid 3  298  1  740 

Animal  proteid.  ,  , 3 .273  1   741 

Fat ...   3.271  2. 863 

Carbohydrate 3,525  I  T.56 

These  methods  of  raVuIation  are,  according  to  VoiT  and  KRrMMACtiEJi,  admii- 
sible  for  practical  purposes. 

II.  Metabolism  In  Starvation. 

In  starvation  the  decomposition  in  the  bt>dy  continues  unintemipterlly, 
though  with  decreased  intensity;   but,  as  it  takes  place  at  the  expense  of 
the  substance  of  the  body,  it  can  ordy  continue  for  a  limited  time.    When 
an  animal  has  lost  a  certain  fraction  of  the  mass  of  the  body  death  is  the 
result.     This  fraction  varies  with  tiie  condition  of  the  body  at  the  begin- 
ning of  the  star\^ation  period.     Fat  animals  succumb  when  the  weight  rf 
the  body  lists  sunk  to  one  half  of  the  original  weight.     Otherwise,  accord- 
ing to  Chossat/  animals  die  as  a  rule  when  the  weight  of  the  body  his 
sunk  to  two  fifths  of  the  original  weight-    The  period  when  death  occur 
from  star\^ation  not  only  varies  with  the  varied  nutritive  condition  at  the 
beginning  of  star\^ation,  but  also  with  the  more  or  less  active  ejcchaugc  of 
material.     Tliis  is  more  active  in  small  and  young  animak  than  b  hip 
and  older  ones,  but  dilTercnt  classes  of  animals  show  an  unequal  activitjr. 
Children  succumb  in  star\*ation  in  3-5  days  after  having  lost  one  fourth 
of  their  body  mass.    Grown  persons,  as  obsen^d  on  Succr,*  may  sttnt 
for  twenty  days  without  lasting  injury;   and  there  are  reports  of  cane^  of 
star\"ation  extending  over  a  period  of  even  more  than  fifty  da^^s.    l)og5 
can  live  without  food  from  four  to  eight  weeks,  birds  five  to  tweeity  dAyi, 
snakes  more  than  half  a  year,  and  frogs  more  than  a  year. 

In  starvation  the  weight  of  the  body  decreases.  The  loss  of  weight  i^ 
greatest  in  the  first  few  days,  and  then  decreases  rather  miiforraly.  In 
small  animals  the  absolute  las,s  of  weight  per  day  Is  naturally  less  than 
in  larger  animals.  The  relative  loss  of  weight^that  is,  the  loss  of  weight 
of  the  unit  of  the  weight  of  the  body,  namely,  1  kilo — ^is,  on  the  contrary. 
greater  in  small  animals  than  in  larger  ones.     The  reason  for  this  is  that 

'  Cited  from  Voit  in  Hermann's  Haridbiieh,  6.  Thl.  l.  100, 
*  See  Luciam»  I>as  Hvitv^^tm..    WarnVrnx^  -a.  Vah^taj^,  VS^. 
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the  smaller  animals  have  a  greater  surface  of  body  in  proportion  to  their 
mass  than  lai^ger  animals,  and  the  greater  loss  of  heat  caused  thereby  must 
be  replaced  by  a  more  active  consumption  of  material. 

It  follows  from  the  decrease  in  the  weight  of  the  body  that  the  absolute 
extent  of  metabolism  must  diminish  in  starvation.  If,  on  the  contrary, 
the  extent  of  the  metabolism  is  referred  to  the  unit  of  the  w^eight  of  the 
body,  namely,  1  kilo,  it  appears  that  this  quantity  remains  nearly  unchanged 
during  starvation.  The  investigations  of  Zuntz,  Lehmann,  and  others  ^ 
on  Cetti  showed  on  the  third  and  sixth  days  of  starvation  an  average 
consumption  of  4.65  c.  c.  oxygen  per  kilo  in  one  minute,  and  on  the  ninth 
to  eleventh  day  an  average  of  4.73  c.  c.  The  calories,  as  a  measure  of  the 
metabolism,  fell  on  the  first  to  fifth  day  of  starvation  from  1850  to  1600 
calories,  or  from  32.4  to  30  per  kilo,  and  it  remained  nearly  unchanged, 
if  referred  to  the  unit  of  body  weight.' 

The  extent  of  the  metabolism  of  proteidSf  or  the  elimination  of  nitrogen 
by  the  urine,  which  is  a  measure  of  the  same,  diminishes  as  the  weight  of 
the  body  diminishes.  This  decrease  is  not  regular  or  the  same  during 
the  entire  period  of  starvation,  and  the  extent  depends,  as  the  exp)eriments 
made  upon  camivora  have  shown,  upon  several  circumstances.  During 
the  first  few  days  of  starvation  the  excretion  of  nitrogen  is  greatest,  and 
the  richer  the  body  is  in  proteid,  due  to  the  food  previously  taken,  the 
greater  is  the  proteid  catabolism  or  the  nitrogen  elimination,  according 
to  Vorr.  The  nitrogen  elimination  diminishes  the  more  rapidly — that  is, 
the  curve  of  the  decrease  is  more  sudden — the  richer  in  proteids  the  food 
was  which  was  taken  before  starvation.  This  condition  is  apparent  from 
the  following  table  of  data  of  three  different  starvation  experiments  made 
by  VoiT  •  on  the  same  dog.  This  dog  received  2500  grams  of  meat  daily 
before  the  first  series  of  experiments,  1500  grams  of  meat  daily  before 
the  second  series,  and  a  mixed  diet  relatively  poor  in  nitrogen  before  the 
third  series. 

Day  of  Starvation.  <^f  «^  ^rea  Elimiaatc<nn  Twcnty-fourHourp. 

First 00.1*  2G.o'  13.8* 

Second 21.9  18.0  11.5 

Third 19.1  15.7  10.2 

Fourth 17.3  14.9  12.2 

Fifth 12.3  14.8  12.1 

Sixth 13.3  12.8  12.0 

Seventh 12.5  12.9  11.3 

Eighth 10.1  12.1  10.7 

In  man  and  also  in  animals  sometimes  a  rise  in  the  nitrogen  excretion 
is  observed  about  the  second  or  third  starvation  day,  which  is  then  fol- 

*  Berlin,  klin.  Wochenschr.,  1887. 

*  See  also  Tigerstedt  and  collaborators  in  Skand.  Arch.  f.  Physiol.,  7. 
'See  Hermann's  Ilandbuch,  6,  Thl.   1,  89. 
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lowel  by  a  regular  diiniiiiition.  Tins  rise  is  explained  b^'  Prausnitz, 
TtGKR9TEDT,  Laxdergren/  as  foUows:  At  the  commencement  of  star- 
vation the  proteid  metabolism  is  reduced  by  the  glycogen  still  prescni 
in  the  body*  After  the  con^iuraptioii  of  the  glycogen,  which  takes  place  in 
great  part  during  the  first  days  of  starv^ation,  the  destruction  of  protnds 
inereaaes  as  the  glycoECen  action  decreases,  and  then  decreases  again  when 
the  l^ody  has  become  poorer  in  available  proteids. 

Other  conditions,  such  as  varvdng  quantities  of  fat  in  the  body,  have 
an  influence  on  the  rapidity  with  which  the  nitrogen  is  eliminated  during 
the  first  days  of  starvation.  After  the  first  few  days  of  star\'atioii  the 
elimination  of  nitrogen  is  more  uniform.  It  may  diminish  gradually  and 
regularly  until  the  death  of  the  animals  or  there  may  be  a  rise  in  the  kl 
days  a  so-called  ante-morteni  increase.  Whether  the  one  or  the  otber 
occurs  depends  upon  the  relationship  between  the  proteid  and  fat  content 
of  the  body. 

Like  the  destruction  of  proteids  during  starvation,  the  decamposUim 
o}  fat  proceeds  uninterruptedly  and  the  greatest  part  of  the  calories  needed 
during  star\''ation  are  supphed  by  the  fats.  According  to  Rubxer  and 
Vdit  the  proteid  catabolism  varies  only  slightly  in  starving  animals  at 
rest  and  at  an  average  temperature,  and  fomLs  a  constant  portion  of  the 
total  exchange  of  energy;  of  the  total  calories  in  dogs  10-16  per  cent  comes 
from  the  proteid  decomposition  and  S4-9D  per  cent  from  the  fats.  This  is 
at  least  true  for  starving  animals  which  had  a  sufficiently  great  original 
fat  content.  If  on  account  of  star\^ation  the  animal  has  become  relatively 
poorer  in  fat  and  the  fat  content  of  the  body  has  fallen  below  a  cert^ 
limit,  then  in  order  to  supply  the  calories  necessar>^  a  larger  quantit}^  of 
proteid  is  destroyed  and  the  ante-mortem  increase  now  occurs  (E.  Voir'). 

Since  the  fat  has  a  diminishing  influence  on  the  destruction  of  proteids 
corresponding  to  what  was  said  above,  the  elimination  of  nitrogen  in  stw- 
vation  is  less  in  fat  than  in  lean  individuals.  For  instance,  onlv  9  grams 
of  urea  were  voided  in  twenty-four  hours  during  the  later  stages  of  starva- 
tion by  a  well-nourLshefl  and  fat  pereon  suffering  from  disea*se  of  the  btab, 
while  L  MuNK  found  that  20-29  grams  urea  were  voided  daily  by  CetH/ 
who  had  been  pt>orly  nfjurished. 

The  investigations  on  the  exchange  of  gas  in  star\'ation  have  shown,  as 
previously  mentioned,  that  the  absolut<3  extent  of  the  same  is  diminished, 
but  that  when  the  consumption  of  oxygen  and  elimination  of  carbon  diax- 


'Pmiianitz.  Zeit^chr.  f,  Biologic.  29:  Tigeretedt  and  coUabomtors,  I  c;  I^ander^ 
gren,  *  Tnderaokniiigar  Ofver  nienniskans  iigghviteomaiittning,  Inaug-Di®.  Stock- 
holm, 1902. 

*  Zeitschr.  f.  Biologie,  41,  167  and  502.  See  also  KauftnanQ,  ibtd,  and  X.  Schuk. 
t&iff.,  and  PfliJger'B  Arch,  76, 

*  Bed.  kiln.  Wochei«cht  ,  V^l. 


METABOLISM  IN  STARVATION.  631 

ide  are  calculated  on  tfee  unit  of  weight  of  the  body,  1  kilo,  this  quantity 
quickly  sinks  to  a  minimum  and  then  remains  unchanged,  or,  on  the  con- 
tinuation of  the  starvation,  may  actually  rise.  It  is  a  well  known 
fact  that  the  body  temperature  of  starving  animals  remains  nearly  con- 
stant, without  showing  any  appreciable  decrease,  during  the  greater  part 
of  the  starvation  period.  The  temperature  of  the  animal  first  sinks  a  few 
days  before  death,  and  death  occurs  at  about  33-30^  C. 

From  what  has  been  said  about  the  respiratory  quotient  it  follows  that 
in  starvation  it  is  about  the  same  as  with  fat  and  meat  exclusively  as  food, 
Le.,  approximately  0.7.  This  is  often  the  case,  but  it  may  occasionally  be 
lower,  0.65-0.50,  as  obser\'^ed  in  the  cases  of  Cetti  and  Succi.  As  explana- 
tion for  this  unexpected  behavior  one  must  admit  of  a  storage  of  incom- 
pletely oxidized  substances  in  the  body  during  starvation. 

Water  passes  uninterruptedly  from  the  body  in  starvation  even  when 
none  is  taken.  If  the  quantity  of  water  in  the  tissues  rich  in  proteids  is 
considered  as  70-80  per  cent,  and  the  quantity  of  proteids  in  the  same 
20  per  cent,  then  for  each  gram  of  proteid  destroyed  about  4  grams  of 
water  is  set  free.  This  liberation  of  water  from  the  tissues  is  generally 
sufficient  to  supply  the  loss  of  water  and  starvation  is  ordinarily  not  accom- 
panied with  thirst.    Starving  animals,  as  a  rule,  do  not  partake  of  water. 

The  loss  of  water  calculated  on  the  percentage  of  the  total  organism  must 
naturally  be  essentially  dependent  upon  the  previous  amount  of  fatty  tissue  in 
the  body.  If  we  bear  these  conditions  in  mind,  then  it  seems,  according  to  Boht- 
LiNGK,^  that,  from  experiments  upon  white  mice,  the  animal  body  is  poorer  in 
water  during  inanition.  The  body  loses  more  water  than  is  set  free  by  the  de- 
struction of  the  tissues. 

The  mineral  ^ubstance^  leave  the  body  uninterruptedly  in  starvation 
until  death,  and  the  influence  of  the  destruction  of  tissues  is  plainly  per- 
ceptible by  their  elimination.  Because  of  the  destruction  of  tissues  rich  in 
potassium  the  proportion  between  potassium  and  sodium  in  the  urine 
changes  in  starvation,  so  that,  contrar}'  to  the  normal  conditions,  the 
potassium  is  eliminated  in  proportionately  greater  quantities.  ^Iunk  also 
obser\^ed  in  Cetti 's*  case  a  relative  increase  in  the  phosphoric  acid  and 
calcium  in  the  urine  during  star\'ation,  wliich  was  due  to  an  increased 
exchange  of  bone-substance. 

Contrary  to  the  above  Bohtlingk  with  starving  white  mice  and  Katsuyama  ' 
with  starving  rabbits  found  a  greater  excretion  of  sodium  than  potassium. 

The  question  as  to  the  participation  of  the  different  organs  in  the  loss 
of  weight  of  the  body  during  star\'ation  Ls  of  special  interest.    In  elucida- 

*  Arch,  des  sciences  biol.  de  St.  P^tersbourg,  5. 

'L.  c. 

'Bohtlingk,  1.  c;  Katsuyama,  Zeitschr.  f.  physiol.  ChuxL,  M. 
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tion  of  this  point  we  give  the  foMowin';  results  of  Chossat^s  experimeDts 
on  pigeons,  and  those  of  \^oit  *  on  a  male  cat  The  results  are  percentages 
of  weight  lost  from  the  original  weight  of  the  organ. 

Pigeon  (Cho«sat).      Male  Oil  (Voir). 

Adlptise  tissue ,   93  per  cent,  97  per  cent. 

Spleen .......71*'  **  67''  " 

Pancreas 64   *  *  *'  17''  " 

Liver 52   *'  "  &i  *'  '* 

llntrt , , 43   *'  **  3   ••  '* 

Intf^tine 42  *'  *'  18  "  " 

Muscles 42**  "  31"  " 

Tisticless —  40  **  '* 

&ikiu .....33**  •'  21    ♦•  ** 

Kidueys 32  '  •  *  •  26  '*  ** 

Lungs. 22   *'  "  IS   "  ** 

Bnnes 17*'  '*  14**  ** 

Xervoiis  system. 2   * '  '  *  3  "  *  * 

The  total  quantity  of  blood,  as  well  as  the  quantity  of  solids  contiiined 
therein,  decreases,  as  Paxum  and  others-  have  shown,  in  the  same  pnjpor- 
tion  as  the  weight  of  the  body.  The  statements  in  regard  to  lie  )m 
of  water  by  different  orgaas  are  somewhat  contratUctor>^ ;  according  to 
LxTKJAXow  *  it  seems  that  the  various  organs  act  somewhat  differently  ia 
this  respect. 

The  above-tabukte<l  results  cannot  senT  as  a  measure  of  the  metab*)- 
ILsm  in  the  various  organs  during  star\'ation.  For  instance,  the  nen^ous 
system  shows  only  a  small  loss  of  weight  as  compared  with  the  other  organs, 
but  from  this  it  must  not  be  concluded  that  the  exchange  of  material  in  ihi 
system  of  organs  is  least  active.  Tlie  condition  may  be  quite  different; 
for  one  organ  may  derive  its  nutriment  during  starv-ation  from  some  other 
organ  and  exist  at  its  expense.  A  positive  conclusion  cannot  be  drawn  in 
regard  to  the  activity  of  the  metabolism  in  an  organ  from  the  loss  of  weight 
of  that  organ  in  stiirvation .  Death  by  starvation  is  not  the  result  of  the  deatli 
of  all  the  organs  of  the  body,  but  it  depends  more  likely  upon  the  disturb- 
ance in  the  nutrition  of  a  few  less  vitally  important  organs  (E.  Voit  *). 

The  knowletlge  of  metaboEsm  during  star\^ation  is  of  the  greatest  inh 
portance  in  the  study  of  nutrition,  and  it  forms  to  a  certain  extent  tb«f 
starting-point  for  the  study  of  metabolism  under  different  physiological  and 
pathological  conditioas.  To  answer  the  question  whether  the  metalMilism 
of  a  person  in  a  special  case  is  abnormally  increased  or  diminished  it  is 
naturally  very  important  to  know  the  average  extent  of  metabolism  of  a 
healthy  person  under  the  same  circumstance^s,  for  comparison.  This  quan- 
tity can  be  called  tlie  abstinent  value ^  that  is,  the  extent  of  nietaboli&m 
used  in  absolute  bodily  rest  and  inactivity  of  the  intestinal  tract.    A? 

*  Cited  from  V^oit  in  Hermann *s  Handbuch,  B,  Part  I,  96  and  97. 

*  Panum,  Virchow's  Arch,,  29;  London,  Arch.  d.  scienc.  biol.  de  St.  P^tcmbouig,i 

*  Zeitschr.  f.  physiol  ChenL,  13. 

*  Zeitachr*  f .  Biologie,  4V. 
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a  measure  of  this  quantity  we  determine,  according  to  Geppert-Zuxtz,  the 
extent  of  gaseous  exchange,  and  especially  the  consumption  of  oxygen,  of  & 
person  lying  down,  best  sleeping,  in  the  early  morning  and  at  least  twelve 
hours  after  a  light  meal  not  rich  in  carbohydrates.  The  gas  volume 
reduced  to  (f  C.  and  760  mm.  Hg  pressure  is  calculated  on  1  kilo  of  body 
weight  and  for  one  minute  The  results  vary  between  3  and  4.5  for  the 
consumption  of  oxygen,  and  between  2.5  and  3.5  c.  c.  for  the  carlxm  diox- 
ide. As  average  3.81  c.  c.  oxygen  and  3.08  c.  c.  carbon  dioxide  are  usu- 
ally given.* 

The  extent  of  proteid  destruction  cannot  be  determined  in  transient 
experiments,  and  for  these  reasons  only  the  values  found  after  several  days 
of  star\'ation  are  useful.  In  the  star\'ation  experiments  on  Cktti  and 
Succi  the  elimination  of  nitrogen  per  kilo  on  the  fifth  to  the  tenth  starvation 
day  was  0.150-0.202  gram  N.  In  a  recent  starvation  experiment  made 
by  E.  and  O.  Freuxd  ^  upon  Succi  the  nitrogen  excretion  on  the  twenty- 
first  day  sank  to  2.82  grams  N.  The  portion  of  the  urea  nitrogen  of  the 
total  nitrogen  sank  from  85-89  per  cent  on  the  first  days  of  starvation 
to  73  per  cent  on  the  fifteenth  day  and  56-54  per  cent  on  the  day  before 
the  last  day  of  star\'ation.  None  of  the  other  nitrogenous  constituents 
examined  increased  to  the  same  extent  as  the  urea  decreased.  The 
amoimt  of  neutral  sulphur  rose  from  10  to  40  per  cent  of  the  total  sulphur. 

III.  Metabolism  with  Inadequate  Nutrition. 

The  food  may  be  quantitatively  insufficient,  and  the  final  result  is 
absolute  inanition.  The  food  may  also  be  qualitatively  insufficient  or,  as 
we  say,  inadequate.  This  occurs  when  any  of  the  necessary  nutritive 
bodies  are  absent  in  the  food,  while  the  others  occur  in  sufficient  or  perhaps 
even  in  excessive  amounts. 

Lack  of  Water  in  the  Food,  The  quantity  of  water  in  the  organism  is^^ 
greatest  during  foetal  life,  and  then  decreases  with  increasing  age.  Natu- 
rally, the  quantity  differs  in  various  organs.  The  tissue  in  the  body  being. 
poorest  in  water  Is  the  enamel,  which  Ls  almost  free,  containing  only  2  p.  m. 
water,  the  teeth  about  100  p.  m.,  the  fatty  tissues  60-120  p.  m.  The  bones, 
with  140-440  p.  m.,  and  the  cartilage,  with  540-740  p.  m.,  are  s:)mewhat 
richer  in  water,  while  the  muscles,  blood,  and  glands,  with  750  to  more  than 
800  p.  m.,  are  still  richer.  Tlie  quantity  of  water  Ls  even  greater  in  the 
aninial  fluids  (see  preceding  chapter),  and  the  adult  body  contains  in  all 
about  630  p.  m.  water.'  If  it  is  borne  in  mind  that  two  thirds  of  the  animal 
organism  consists  of  water;  that  water  Ls  of  the  ver}^  greatest  importance 
in  the  normal,  physical  composition  of  tlie  tissues;  moreover  that  all  flov/ 

*  See  V.  Noorden,  Lehrbuch  der  Pathologic  des  Stoffwechsel,  Berlin,  1893,  94. 
*Wien.  klin.  Rundschau,  1901,  Nos.  5  and  6. 
•See  Voit  in  Hermann's  Handbuch,  6,  Tl.  I,  345. 
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lof  juices,  all  exchange  of  substance^  all  supply  of  nutrition,  all  Increase  or 
.destniction,  and  all  discharge  of  the  pmduct^  of  destnielion,  are  de|>ead- 
-ent  upon  tlie  pr thence  of  water;  and,  in  adJition,  t)iat  by  its  evajxiration 
it  is  an  important  regulator  of  tlie  tem|Terature  of  the  body,  we  perteive 
that  water  must  be  necessary'  for  life.  If  the  loss  of  water  be  not  replaced 
by  fresh  supplies  .sooner  or  later,  the  organism  succumbs  and  death  may 
occur  earlier  with  lack  of  water  than  with  complete  inanition  (Landaueh, 
Nothwang), 

If  the  water  is  abstracted  ft*r  a  certain  time,  as  Laxdaukr  and  espcciallj 
W.  Sthauh  have  shown,  it  has  an  accelerating  influence  uix^n  the  decern- 
posit i^iu  of  ]>roteid.  This  increased  metabolism  has,  according  to  hxs- 
DAUKR,  the  piir]n>se  of  replacing  a  part  of  the  water  abstracte<l  (becaiise 
of  tlie  increased  metabdismj.  The  aVjstraction  of  water  for  a  >hort  time 
may,  according  to  Spiegler/  especially  in  man,  cause  a  diminution  in  the 
proteid  metabolism  by  means  of  a  reduced  proteid  absorption. 

Lack  of  }fiiwral  Substances  in  the  FomL  In  a  previous  chapter  alloh 
tion  was  called  in  several  instances  to  the  importance  of  the  minml 
bodit^  and  also  to  the  occurrence  of  certain  mineral  substances  in  certain 
amounts  in  the  various  organs.  The  mineral  content  of  the  tissues  and 
fluids  is  not  ver\*  great  as  a  rule.  With  the  exception  of  the  skeleton, 
which  contains  about  220  p.  m,  mineral  bodies  (\'olkmaxx  ^),  the  animal 
fluids  or  tissues  are  poor  in  inorganic  constituents,  and  the  quant.ty  of 
such  amounts,  as  a  mle,  only  to  about  10  p.  m.  Of  the  total  quantity  of 
mineral  substances  in  the  organism,  the  greatest  part  occurs  in  the  skeleton, 
830  p.  m,,  and  the  next  greatest  n  the  muscles,  about  100  p.  m  (Volk- 
Mann). 

Tine  mineral  bodies  seem  to  be  partly  dissolved  in  the  fluids  and  paitly 
combined  with  organic  substances.  In  accordance  with  this  the  orgauism 
persistently  retains,  vdili  food  poor  in  salts,  a  part,  of  the  mineral  sub- 
i^tances,  also  such  as  are  soluble,  as  the  cidoridcs.  On  the  burning  of  the 
€irganic  sul>stances  the  mineral  bodies  combined  therewitli  are  set  free  and 
may  be  eliminate<l.  It  is  also  admitted  that  they  in  part  combine  widi 
the  new  products  of  the  combustion,  and  in  part  with  orgaiuc  nutritive 
bodies  poijT  in  salts  or  nearly  salt- free,  which  are  absorbed  from  the  m^** 
1inal  canal  and  are  thus  retained  (Voir,  Fdrster  '). 

If  this  statement  i^  correct,  it  is  possible  that  a  constant  sui^u)  ui 
mineral  substances  with  the  food  is  m>t  absolutely  necessar\%  and  that  Ibe 
amount  of  inorganic  bodies  which  must  be  administered  is  insignificant 

*  Landauer,  Maly*s  Jahresber.,  24;  Notbwang,  Arck  T  Hygiene^  1S92]  StnmK 
&itschr.  f.  BiolofnCp  37  and  3S;  Spiegler,  ihtd.,  40. 

*S<?e  Voit  in  Hermann *s  Handlmch,  (5,  Part  1,  353. 

'  Forster,  Zeitschr.  f.  iiiologie,  U,  See  also  Voit  in  Ilenuann's  Haadbucb*  ^ 
Part  1,  354. 
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Tlie  question  whether  this  be  so  or  not  has  not,  especially  in  man,  been 
sufficiently  investigated;  but  generally  we  consider  the  need  of  mineral 
substance^!  by  man  as  very  small.  It  may,  however,  be  assumed  that  man 
usually  takes  with  his  food  a  considerable  excess  of  mineral  substances. 

Kxperiments  to  determine  the  action  of  an  insufficient  supply  of  mineral 
substances  with  the  food  in  animals  have  been  made  by  several  investi* 
gators,  especially  Forster.  He  obsen'ed,  on  experimenting  wi.h  do^s  and 
pigeons  with  food  as  poor  as  possible  in  mineral  substances,  that  a  very  sug- 
gestive disturbance  of  the  functions  of  the  orgaas,  particulariy  the  muscles- 
and  the  nen'ous  system,  appeared,  and  that  death  resulted  in  a  short  time^ 
earlier  in  fact  than  in  complete  starvation.  In  opposition  to  these  obser- 
vations BuNGE  has  suggested  that  the  early  death  in  these  cases  was  not 
caused  by  the  lack  of  mineral  salts,  but  more  likely  by  the  lack  of  bases 
necessan'  to  neutralize  the  sulphuric  acid  formed  in  the  combustion  of  the 
proteicls  in  the  organism;  these  bases  must  then  be  taken  from  the  tissues. 
In  accordance  with  this  view,  BuxciEand  Luxix  *  also  found,  in  experiment- 
ing with  mice,  that  animals  which  received  neariy  ash-free  food  with  the 
addition  of  sodium  cari^onate  were  kept  alive  twdce  as  long  as  those  which 
had  the  same  food  without  the  sodium  carbonate.  Special  experiments  also 
show  that  the  carbonate  cannot  be  replaced  by  an  ecjuivalent  amount  of 
sodium  chloride,  and  that  to  all  appearances  it  acts  by  combining  with  the 
acids  formed  in  the  body.  The  addition  of  alkali  carbonate  to  the  other- 
wise nearly  ash-free  food  may  indeed  delay  death,  but  cannot  prevent  it, 
and  even  in  the  presence  of  the  necessary  amount  of  bases  death  results 
for  lack  of  mineral  substances  in  the  food. 

In  the  above  series  of  experiments  made  by  Bunge  the  food  of  the 
animal  consisted  of  casein,  milk-fat,  and  cane-sugar.  Wiilc  milk  alone 
was  an  adequate  and  suffic'icnt  food  for  the  animal,  Buxge  found  that  the 
animal  could  not  be  kept  alive  longer  by  food  consirsting  of  the  above  con- 
stituents of  milk  and  cane-sugar  with  the  addition  of  all  the  mineral  sub- 
stances of  milk  than  with  the  food  mentioned  in  the  above  experiments 
with  the  addition  of  alkali  carbonate.  The  question  whether  this  result 
is  to  be  explained  by  the  fact  tliat  the  mineral  bodies  of  milk  are  chem- 
ically combined  with  the  organic  constituents  of  the  same  and  can  be  assim- 
ilated only  in  such  combinations,  or  whotlier  it  depends  on  other  condi- 
tions, Buxge  leaves  undecided.  Tliese  observations,  liowever,  show  how 
difficult  it  is  to  draw  positive  conclusioas  from  experiments  made  thus 
far  with  food  poor  in  salts.  Further  investigations  on  this  subject  seem 
to  be  necessar\'. 

With  an  insufficient  supply  of  chlor'dcs  with  tlie  food  the  elimination 
of  chlorine   by  the  urine  decreases  constantly,  and  at  last  it    may  stop 

*  Bunge,  I.ehrbuch  dcr  physiol.  Choni.,  4.  AuH..  97;  Liinin,  Zcitjichr.  f.  physiol. 
Chem.,  o. 
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eiitirely,  while  the  tissues  still  persistently  retain  the  clilorid<s.  It  has 
already  been  stat€\l  (Chapter  IX)  how  chloride  starv^atioii  hiflaences  other 
functions? ,  especially  the  secretion  of  gastric  juice.  If  there  be  a  lack  of 
sodium  as  compared  with  potassiuni,  or  if  there  be  an  excess  of  pDtajj- 
siuni  compounds  in  any  other  form  than  KCl,  the  potassium  combinatiam 
are  replaced  in  the  or«:anisni  by  XaCl,  so  tliat  new  iMitassium  and  sodium 
compounds  are  produced  which  are  voided  with  the  urine.  The  orghimm 
becomes  poorer  in  NaCl,  which  therefore  must  l>e  taken  in  greater  amounts 
from  the  outside  (Hung?:).  This  occurs  habitually  in  herbivora,  and  in 
man  with  vegetable  food  rich  in  potash.  For  human  being?>,  and  especiallr 
for  the  poorer  classes  of  people  who  live  chiefly  on  ix)tatoes  and  foods 
rich  in  potash,  common  salt  is,  under  these  circun^stances,  not  only  a  coa- 
diment,  but  a  necessary  a^ldition  to  the  food  (liCNOE  *). 

Lack  of  Alkali  Carbanates  or  Bases  in  the  Food,    The  chemical  processes 
in  the  organism  are  dq^endont  upoii  the  presence  of  tissue-fluids  of  a  per- 
tain reaction,  and  this  reaction,  which  is  liabitually  alkaline  towards  litmus   , 
and    neutral  towanls  phenolphthalein,  is  chiefly  due  to  the  pre&ence  of  ■ 
alkali  carbonates  and  carlxm  dioxiile.     The  alkali  carl>onates  arc  ^ 

{Treat  importance  not  only  as  a  solvent  for  certain  proteid  bodies  a  .  ^  ^ 
constituents  of  certain  secretions,  such  as  the  pancreatic  and  intestinal 
juices,  !>ut  they  are  also  a  means  of  transportation  of  the  carbon  (]mi<k 
in  tlie  blootl.  It  is  therefore  easy  to  understand  that  a  decrease  behw 
a  certain  point  in  the  quantity  of  alkali  carbonate  must  endanger  life.  Such 
a  decrease  not  only  occurs  with  lack  of  bases  in  the  food  which  accdenites 
death  by  a  relatively  great  production  of  acids  through  the  burning  of  the 
prtjteids,  but  it  also  occurs  when  an  animal  Ls  given  dilute  mineral  acitkfor 
a  period.  In  herbivora  the  fixed  alkalies  of  the  tissues  combine  with  tHp 
mineral  acids,  and  the  animal  succumbs  in  a  short  time.  In  caniivoni 
(and  in  man)  the  bases  of  the  tissues  are  obstinately  retainefl;  the  mitieral 
acids  unite  with  the  amtiinuiii  produced  by  the  flecomposition  of  the  pn^ 
teids  or  their  cleavage  products,  and  eaniivora  can  therefore  be  ke[«t  ri^^'f 
for  a  longer  time. 

iMck  of  PhospJuites  and  Earths,  With  the  exception  of  the  import^mce 
of  the  alkaline  earths  as  carbonates  and  more  especially  as  phosphatft?  in 
the  physical  composition  of  certain  structures,  such  as  the  bones  and  teeth, 
their  physiological  importance  is  nearly  unknown.  Xothing  is  known 
]>nsitively  in  regard  to  the  need  in  adults  of  phosphates  in  the  food,  h 
€»xperiments  on  rats  with  fo<Ml  free  fmm  phasphoRis  Gev-Erts  '  fouml  i 
tliminution  in  the  phosphorus  excretion  to  ^^  of  the  quanity  excreted  flu^ 
in;^  complete  inanition.  The  relationship  of  P:X  changes  also  from  IdO 
to  1 :  100  and  even  still  more.     In  order  to  contain  suflicient  carbon  and 

*  ZevtachT.  C.  Biolofcift,  9. 
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nitrogen  with  the  food  man  takes  at  least  ten  times  as  much  phosphorus 
as  is  absolutely  necessary  (GEViBRTs).  In  young,  growing  animals  the 
conditions  are  necessarily  different  and  of  special  interest  ig  them  is  the 
question  of  the  action  of  an  insufficient  supply  of  earthy  phosphates  and 
alkaline  earths  upon  the  bone  tissue.  This  action  as  well  as  the  various 
results  which  have  been  obtained  by  experiments  on  young  and  old  ani- 
mals, has  already  been  given  in  a  previous  chapter  (X). 

Another  important  question  is,  How  far  do  the  phosphates  take  part  in 
the  construction  of  the  phosphorized  constituents  of  the  body  or  to  what 
extent  are  they  necessar\'?  The  experiments  of  Rohmann  and  his  pupils  * 
with  phosphorized  (casein,  vitellin)  and  non-phosphorized  proteids  (edes- 
tin)  and  phosphates  show  that  with  the  introduction  of  casein  and  vitellin 
a  deposition  of  nitrogen  and  phosphorus  takes  place,  while  with  non- 
phosphorized  proteid  and  phosphates  this  does  not  seem  to  occur.  The 
body  apparently  does  not  have  the  power  of  building  up  the  phosphorized 
cell  constituents  necessary  for  cell-life  from  non-phosphorizeil  proteids 
and  phosphates.  On  the  contrary,  according  to  the  observations  of  several 
investigators  the  lecithins  seem  to  possess  this  power. 

Lack  of  Iran.  As  iron  is  an  int<^ral  constituent  of  haemoglobin,  abso- 
lutely necessary  for  the  introduction  of  oxygen,  just  so  is  it  an  indispensable 
constituent  of  food.  Iron  is  a  never-failing  constituent  of  the  nucleins 
and  nucleoproteids,  and  herein  lies  also  another  reason  for  the  necessity 
of  the  introduction  of  iron.  Iron  is  also  of  great  importance  for  the 
action  of  certain  enzymes,  the  oxidases.  In  iron  starvation  iron  is  con- 
tinually eliminated,  even  though  in  diminished  amounts;  and  with  an 
insufficient  supply  of  iron  with  the  food  the  formation  of  hsemoglobin 
decreases.  The  formation  of  haemoglobin  is  not  only  enhanced  by  the 
supply  of  organic  iron,  but  also,  according  to  the  general  view,  by 
inoiganic  iron  preparations.  The  various  divergent  statements  on  this 
question  have  already  been  given  in  a  previous  chapter  (on  the 
blood). 

In  the  absence  of  protein  bodies  in  the  food  Ihe  organism  must  nourish 
itself  by  its  own  protein  substances,  and  with  such  nutrition  it  must  sooner 
or  later  succumb.  By  the  exclusive  administration  of  fat  and  carbohy- 
drates the  consumption  of  proteids  in  these  cases  is  very  considerably 
reduced.  According  to  the  doctrine  of  C.  Voit,  which  has  been  defended 
by  recent  investigations  of  E.  Voit  and  Korkunoff,^  the  proteid  metab- 
olism is  neve"  so  slight  under  these  conditions  as  in  starv^ation.  Accord- 
ing to  several  investigators,  such  as  Hirschfeld,  Kumagawa,  Klem- 
PEREB,  Siv6n',  Laxdergrex,'  and   others,    the   proteid   metabolism   may 

*See  Marcuse,  Pfliiger's  Arch.,  67,  and  foot-note  1,  page  620. 

'Zdtschr.  f.  Biologie,  32. 

*Hirachfdd,  Virchow'a  Arch.,  114;    Kumagawa,  ibid.,  110*,  Klemp^t^t,  Z«\taicbx, 
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indeed,  i^ith  exclusively  fat  and  carbohydrate  diet,  be  smaller  than  in 
complete  starvation.  Thus  Landergren  has  observed  on  an  adult, 
healthy  man  In  nitrogen  star\^ation  but  with  sufficient  supply  of  e^er^gy 
(about  40  caloricp  per  I  kilo  os  carbohydrates  and  fat)  on  the  fourth  star- 
vation day  that  the  nitrogen  excretion  was  not  more  than  4  grams.  Oik 
the  seventh  day,  with  only  carbohydrates,  the  nitmgen  excretion  sank  to 
3.34  grams,  which  corres{>ondeil  to  0,047  gram  N  per  kilo  of  body  weight 
and  to  0/29  gram  proteid. 

Tlie  alusence  of  fats  and  carbohijdraies  in  the  food  affect  eamivora  and 
herbivora  somewhat  differently.  It  is  not  knowTi  whether  carnivora  can 
be  kept  alive  for  any  length  of  time  by  food  entirely  free  from  fat  and  carbo- 
hydrates.* But  it  has  been  positively  demoustrated  that  they  can  be  kept 
alive  a  long  time  by  feeding  exclusively  with  meat  freed  as  much  as  possible 
fn^m  visible  fat  (Pfluger-).  Human  beings  and  herbivora,  on  the  coo* 
trary,  cannot  Uve  for  any  length  of  time  on  such  food.  On  one  side  Uicy 
lose  the  property  of  digesting  and  assimilating  the  necessarih^  lai^e  amoimtl 
of  meat,  and  on  the  other  a  dbtast«  for  large  ciuantities  of  meat  or  proteidf 
soon  appears. 

A  question  of  greater  importance  is  whether  it  i-  possible  to  maintiun 
life  in  an  auimal  for  any  length  of  time  with  a  mixture  of  simple  oi^anic 
and  inorganic  foodstuffs.     This  was  not  possible  in  the  experiments  of 
BuNGE  and  LuNix,  cited  above»     Recent  investigators,  such  as  Hall  and 
Steixitz,  arrived  at  somewhat  better  results;    and  Rohmann  ^  has  still 
more  recently  arrive^l  at  still  more  conclusive  results.     He  used  mice  in 
his  experiments,  and  fed  them  with  a  mixture  of  casein,  white  of  egg,  vitel- 
lin.  potato-starch,  %vheat-.starch^  margarine,  and  salts.     With  this  diet  the 
animals  raaintaiood  their  body  weight  and  brought  forth  young.    These 
latter  could  not  be  raised  on  artificial  food,     A  better  result  was  obtained 
by  adding  some  malt  to  the  food.     It  was  also  possible  to  further  ts^m 
with  artificial  food  to  maturity,  mice  which  had   been    formed  and  lK>m 
with  artihcial  food.     These  mice  remained  somewhat  smaller  than  the  nor- 
mal, and  no  living  young  could  be  obtained!  from  them.     If  we  exchide 
the  fact  that  the  foodstuffs  fed  were  not  all  simple  (white  of  egg,  malt),  pure 
^oods  it  seems  as  if  artificial  mixtures  of  foot!  are  sufficient  to  maintain  at 
least  an  adult  animal  for  a  long  time,  while  it  is  not  quite  sufficient  for 
the  development  of  a  young  animal. 


f.  klin.  Med,,  Ifi;  Siv^n.  Bkand.  Arch.  f.  Physiol,  10  and  11;  Landergren,  1.  c;  foot' 
note  1,  page  63(K     See  also  Maly^s  Jahrcssher.,  32. 

^See  Horbaczewski,  Muly's  Jahresber.,  31,  715. 

'  Pftuger's  Arch,,  50. 

»  Hall,  .\rch.  f.  (Anat.  u.)  Physiol,,  189*i;  Steinitz,  Uber  Versuche  mit  kunstlieher 
Emkhrung,  loaug.-Diss.,  Breslau,  1900;  Rohmann.  Klin,  therap.  Woch'^ischr. ,  1902, 
No.  40. 
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rv.  Metabolism  with  Various  Foods. 

For  the  camivora,  as  above  stated,  meat  as  poor  as  possible  in  fat  may 
be  a  complete  and  sufficient  food.  As  the  proteids  moreover  take  a  special 
place  among  the  organic  nutritive  bodies  by  the  quantity  of  nitrogen  they 
contain;  it  is  proper  that  we  first  describe  the  metabolism  with  an  exclu- 
sively meat  diet. 

Metabolism  with  food  rich  in  proteids,  or  feeding  only  with  meat  as 
poor  in  fat  as  possible. 

By  an  increased  supply  of  proteids  their  catabolism  and  the  elimina- 
tion of  nitrogen  is  increased,  and  this  in  proportion  to  the  supply  of  proteids. 

If  a  certain  quantity  of  meat  has  been  given  to  camivora  as  food  daily 
and  the  quantity  is  suddenly  increased,  an  augmented  catabolism  of  pro- 
teids, or  an  increase  in  the  ciuantity  of  nitrogen  eliminated,  is  the  result. 
If  the  animal  is  fed  daily  for  a  certain  time  with  larger  quantities  of 
the  same  meat,  a  part  of  the  proteids  accumulates  in  the  body,  but  this 
part  decreases  from  day  to  day,  while  there  Ls  a  corresponding  daily  in- 
crease in  the  elimination  of  nitrogen.  In  this  way  a  nitrogenous  equi- 
librium is  established;  that  is,  the  total  quantity  of  nitrogen  eliminated  is 
equal  to  the  quantity  of  nitrogen  in  the  absorbed  proteids  or  meat.  If, 
on  the  contrary,  an  animal  which  is  in  nitrogenous  equilibrium,  having 
been  fed  on  large  quantities  of  meat,  is  suddenly  given  a  small  qiiantity 
of  meat  per  day,  then  the  animal  uses  up  its  own  body  proteids,  the 
amount  decreasing  from  day  to  day.  The  elimination  of  nitrogen  and 
the  catabolism  of  proteids  decrease  constantly,  and  tlic  animal  may  in 
this  case  also  pass  into  nitrogenous  equilibrium,  or  nearly  into  this  con- 
dition.   These  relations  are  illustrated  by  the  following  table  ( Voit  ^) : 

Grams  of  Meat  in  the  Food  per  Day. 


1.... 

Before  the  Test. 
.500 

Duri 

ing  the  Test. 
1.500 

2 

1.500 

1000 

Grams  of  Flesh  Metabolizetl  in  Bofly  per  Day. 

1 
1222 
1153 

2                       3                       4                       5 
1310             1390             1410             1440 
108G            1088            1080            1027 

6 
1450 

1500 

In  the  first  case  (1)  the  metabolism  of  moat  before  the  beginning  of  the 
actual  experiment  on  feeding  with  500  graias  of  meat  was  447  grams,  and  it 
increased  considerably  on  the  first  day  of  the  experiment,  after  footling  with 
1500  grams  of  meat.  In  tho  second  case  (2),  in  which  the  animal  was  pre- 
viously in  nitrogenous  equilibrium  with  1500  grams  of  meat,  the  metab- 
olism of  flesh  on  the  first  day  of  the  experiment,  with  only  1000  grams 
meat,  decreased  considerably,  and  on  tho  fifth  day  nearly  a  nitrogenous 

»  Hermann's  Ilandbuch,  G,  Part  I,  110. 
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equilibrium  was  obtained.  During  this  time  the  ammal  gave  up  cU3r 
some  of  its  own  proteiJs.  Between  that  point  below  which  the  animal 
loses  from  its  own  weight  and  the  maximum,  which  seems  to  be  depend- 
ent upon  the  digestiv^e  and  assiuiilative  capacity  of  the  intestinal  canal,  a 
carnivora  may  be  kept  in  nitrogenous  equilibrium  with  varying  qtiantitie? 
of  proteid.s  in  the  food. 

The  supply  of  proteids,  as  well  as  the  profceid  condition  of  the  body 
affects  the  extent  of  the  proteid  metabolism.  A  body  which  has  beconw 
rich  in  proteidi?  by  a  previous  abundant  meat  diet  must,  to  prevent  a  loss 
of  p  rote  ids »  take  up  more  proteid  with  the  food  than  a  body  jKx>r  in 
proteids. 

Pettenkofer  and  Voit  have  made  investigations  on  the  mrtaboii^mm 
of  fat  with  an  excluf^ively  proteid  diet.  These  inv^tigations  have  shofn^^ 
that  by  increasing  the  quantity  of  proteids  in  the  food  the  daily  tnetab- 
oli.sm  of  fat  decreases,  and  they  have  dra^Ti  the  conclusion  from  \hm 
exjjeriments,  as  detailed  in  Chapter  X,  that  even  a  formation  of  hi 
may  take  place  under  these  circumstances.  The  objections  presented  by 
Pfluger  to  the.^e  experiments,  as  well  as  the  proofs  of  the  formation  of 
fat  from  proteitlSj  are  also  given  in  the  above-mentioned  chapter. 

According  to  Pfluger*s  doctrine  the  proteid  can  influence  the  fonnit- 
tion  of  fat  only  in  an  indirect  way,  namely,  in  that  it  is  consumed  instead 
of  tlie  non-nitrogenous  bodies  and  hence  the  fat  and  fat-forming  ciirlnv 
hydrates  are  spare<h  If  sufficient  proteid  is  introduced  into  Uie  food  t^i 
satisfy  the  total  nutritive  requirements,  then  the  decomposition  of  f&t 
stops;  and  if  non-nitrugenous  UmA  is  taken  at  the  same  time,  this  is  not 
coasiimeil,  but  is  stored  up  in  the  animal  twDdy,  the  fats  as  such,  and  llie 
carlwhyclrates  at  least  in  great  part  as  fat. 

Pflucjer  defmes  the  ''nutritive  requirement*'  as  the  smallest  quantit)* 
of  lean  meat  which  produces  nitrogenous  equilibrium  without  causing  any 
decomposition  of  fat  or  carbohydrates.  At  rest  and  at  an  average  tempe^ 
ature  it  is  found  for  dogs  to  be  2.073  to  2.090  grams  of  nitrogen  *  (in  meat 
fed)  per  kilo  of  flesh  weight  (not  body  weight,  as  the  fat,  w^iich  often 
fornix  a  considerable  fraction  of  the  weight  of  the  body,  cannot  as  it  wejt 
\yQ  us&l  as  dead  measure).  Even  when  the  supply  of  proteid  is  m  excee 
of  tlie  nutritive  requirements.  Pfluger  has  found  that  the  protei<l  inetalh 
olism  increases  with  an  increased  supply  until  the  limit  of  digestive  jniwcr 
1  reachcxl,  which  hmit  is  about  2600  grams  of  meat  with  a  dog  weidiing 
33  kiios.  In  these  experiments  of  Pfliger'S  all  of  the  excess  of  proteid 
introduced  was  not  completely  decomposed,  but  a  part  w*as  retainal  hy 
the  body.  Pflltger  therefore  defends  the  proposition  ''that  a  supply  of 
proteids  only,  without  fat  or  carbohydrate,  does  not  exclude  a  pmteid 
fattening, ' ' 

*6w  fkhoivdoTfC.  Pftu?,er's  Arch,  71. 
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From  what  has  been  said  on  proteid  metabolism  in  starvation  and  with 
exclusive  proteid  food  it  follows  that  the  proteid  catabolism  in  the  animal 
body  never  stops,  that  the  extent  is  dependent  in  the  first  place  upon  the 
extent  of  proteid  supply,  and  that  the  animal  body  has  the  property,  within 
wide  limits,  of  accommodating  the  proteid  catabolism  to  the  proteid  supply. 

These  and  certain  other  peculiarities  of  proteid  catabolism  have  led 
VoiT  to  the  view  that  all  proteids  in  the  body  are  not  decomposed  with 
the  same  ease.  Voit  diflferentiates  the  proteids  fixed  in  the  tissue-elements, 
so-called  organized  proteids,  tissue-proteids,  from  those  proteids  which 
circulate  with  the  fluids  in  the  body  and  its  tissues  and  which  are  taken  up 
by  the  living  cells  of  the  tissues  from  the  interstitial  fluids  washing  them 
and  are  destroyed.  These  circuluting  proteids  are,  according  to  Voit,  nfore 
easily  and  quickly  destroyed  than  the  tissue-pro teids.  When,  therefore,  in 
a  fasting  animal  which  has  been  previously  fed  \Wth  meat  an  abundant 
and  quickly  decreasing  decomposition  of  proteids  takes  place,  while  in  the 
further  course  of  starvation  this  proteid  catabolism  becomes  less  and 
more  uniform,  tliis  depends  upon  the  fact  that  the  supply  of  circulating 
proteids  Is  destroyed  chiefly  in  the  first  days  of  starvation  and  the  tissue- 
proteids  in  the  last  days. 

The  tissue-elements  constitute  an  apparatus  of  a  relatively  stable  nature, 
which  have  the  power  of  taking  proteids  from  the  fluids  washing  the  tissues 
and  appropriating  them,  while  their  own  proteids,  the  tissue-proteids,  are 
onlinarily  catabolized  to  only  a  small  extent,  about  1  per  cent  daily  (Voit). 
By  an  increased  supply  of  proteids  the  activity  of  the  cells  and  their  ability 
to  decompose  nutritive  proteids  Ls  also  increased  to  a  certain  degree.  When 
nitrogenous  equilibrium  Ls  obtained  after  an  increased  supply  of  proteids,  it 
denotes  that  the  decomposing  power  of  the  cells  for  proteids  has  increased 
so  that  the  same  quantity  of  proteids  Ls  metabolized  as  is  supplied  to  the 
body.  If  the  proteid  metabolism  is  decreased  by  the  simultaneous  admin- 
istration of  other  non-nitrogenous  foods  (see  below),  a  part  of  the  circulat- 
ing proteids  may  have  time  to  become  fixed  and  organized  by  the  tissues, 
and  in  this  way  the  mass  of  the  flesh  of  the  body  increases.  During  starva- 
tion or  with  a  lack  of  proteids  in  the  food  the  reverse  takes  place,  for  a  part 
of  the  tissue  proteids  is  converted  into  circulating  proteids  which  are  metab- 
olized, and  in  this  case  the  flesh  of  the  body  decreases. 

Voit's  theory  has  been  severely  criticLsed  by  Pfluger.  PflDger's 
statement,  based  on  an  investigation  made  by  one  of  his  pupils,  Schon- 
DORFF,^  is  that  the  extent  of  proteid  destruction  is  not  dependent  upon 
the  quantity  of  circulating  proteids,  but  upon  the  nutritive  condition  of 
the  cells  for  the  time  being — a  view  which  is  not  very  contradictory  of 
Voit  if  the  author  does  not  misunderstand  PflIjger.     Voit  '  has,  as  is 

*  Pfliiger,  Pfluger 's  Arch.,  *>i;  Schondorff,  ibid.,  W. 
'  Zeitschr.  f.  Biologic,  11. 
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known,  stated  that  the  conditioiL^  for  the  destruction  of  substance  in 
the  body  exist  in  the  cells,  and  also  that  the  circulating  proteid^  likewise 
according  to  Voit,  is  6rst  cataboliziNl  after  htiving  been  taken  up  by  the 
cells  from  the  fluids  washin;^  them.  The  point  of  Voit's  theor}'  is  that 
all  proteids  are  not  destroyed  in  the  lx»dy  with  the  same  degree  of  remii- 
ness.  The  organized  pn^teid,  which  Ls  fix?<l  by  the  cells  and  has  become 
a  pat  of  the  same,  is  destroyed  Jess  readiJ}',  according  to  Voir,  than  tiw 
proteid  taken  up  by  the  cells  frf>m  the  nutritive  fluid,  which  sen-e?  ns 
material  fur  the  chemical  construction  of  the  very  much  more  complicated 
oi^ganized  pn)teids,  Tliis  nutritive  proteid,  which  circulates  with  the 
fluids  before  it  is  taken  up  by  the  cells,  and  which  can  exist  in  store  in 
the*ceUs  as  well  as  in  the  fluids,  agreeably  to  Voit's  view,  has  been  cilletl 
circulating  proteid  or  supply  proteid  by  him.  It  is  clear  that  these  names 
may  lead  to  misunderstanding,  and  therefore  tf>o  much  stress  should  not 
be  put  iipmi  them.  The  most  essential  part  of  Voit^s  theor>'  i^  the  suppo- 
sition that  the  fuod  proteid  of  the  cells  is  more  easily  destroyed  tlian  die 
organized,  real  protoplasmic  proteid,  and  this  assertion  can  hardly,  for 
the  present,  be  consideretl  as  refuted  or  exactly  pro^^ed. 

This  que^tijn  is  intimately  connected  with  another,  namely,  whether 
the  food  proteids  taken  up  by  the  cells  are  metabolized  as  such  or  whether 
they  are  first  organized.  The  invcsti'z:ations  of  P.\xum  and  Falck  *  on 
the  transitory  progress  of  the  elimination  of  urea  after  a  meal  ricli  in  pro- 
teids thrtjws  light  on  this  question.  From  experiments  upon  a  dog  it  was 
fuund  that  the  eliminati<in  ^if  urea  increases  almost  immediately  after  a 
meal  rich  in  pTOteids,  and  that  it  reaches  its  maximum  in  about  six  hours, 
when  about  one  half  of  the  quantity  of  nitrogen  corresponding  to  the 
administered  proteids  is  eliminated.  If  we  also  recollect  that,  acconling 
to  an  experiment  of  Schmidt-Mulhkim  ^  upon  a  dog,  about  37  per  cent  of 
the  given  proteids  are  absorbed  in  the  first  two  hours  after  the  meal  and 
about  59  per  cent  in  the  course  uf  the  first  sLx  hours,  it  may  then  be  inferre*! 
that  the  increased  elimination  of  nitrogen  after  a  meal  is  due  to  a  catab- 
olization  of  the  digested  and  assimilated  proteids  of  the  food  not  previously 
organized.  If  it  is  admitted  that  the  catabolize<l  pn>teid  must  have  been 
organized,  then  the  greatly  increasetl  elimination  of  nitrogen  after  a 
meal  rich  in  proteids  supposes  a  far  more  rapid  and  comprehensive 
destruction  and  reconstruction  of  the  tissues  than  has  been  generally 
assumed. 

In  this  connection  it  must  be  recalled  that,  according  to  the  ver>*  intercst- 


*Panum,  Nord.  Meii,  Arkiv,,  6;  Falck,  see  Hermann's  Handbiich,  fi,  Part  I,  107. 
Fof  further  statements  in  regard  to  the  curve  of  nitrogen  elimiuation  in  mnij*  »et 
TachenloPF,  Korrespond.  Blatt  Schweiz,  Aertie,  ISDG;  Rosemann,  Pfluger's  Arch.,  6o, 
and  V<?ragvith.  Joum.  of  PhyMiol^  21 ;  8chlosHc%  Maly's  Jahrasber.,  81. 

'Du  Bois-Reymond's  XtcU.,  V^i^. 
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ing  investigations  of  Riazantseff,  substantiated  by  Schepski,  after  par* 
taking  of  food  an  increased  nitrogen  elimination  depends  in  part  upon  the 
increase<l  work  oi  the  digestive  gkn<ls.  This  ff>]!o\vs  from  the  eonsiderably 
increased  nitrogen  ehmination  after  so-rallerl  ''apparent  feeiJing'*  (see 
Chapter  IX),  but  has  also  been  confirmed  by  Riazaxtzeff  *  in  other  ways. 
In  close  eoiineclion  with  this  standi  the  observations  (jf  Nenckt  and  Zaleski  * 
un  the  free  fiirnintioo  of  ammonia  in  the  ce\h  of  the  digestive  apparatus 
during  the  digestion  of  food  rich  in  proteida. 

It  lias  Ijt^n  stated  above  that  other  foods  may  decrease  the  catalwlism 
of  proteids.  Gelatine  is  such  a  food.  Gdalint'  and  tlie  gelatrn^'forjiurs  do 
not  seem  to  be  convertetl  into  pmt^id  in  the  body,  and  this  last  cannot 
be  entirely  rcplacetl  by  gelatine  in  the  food.  For  example,  if  a  dog  is  fed 
tin  gelatine  and  fat,  it^  body  sustains  a  loss  of  proteids  even  when  the 
quantity  of  gelatine  Is  so  large  that  the  animal,  with  an  amount  of  fat 
and  meat  containing  just  the  same  quantity  of  nitrogen  as  the  gelatine  in 
questinn.  may  remain  in  nitrogenous  e(|uilil>rium.  On  the  other  hand, 
gelatine,  as  Vc^it,  Panum  and  ()kri:m  ^  have  shown,  has  a  great  value  as 
a  means  of  sparing  the  proteids,  and  it  may  decrease  the  catabolLsm  of 
jiimteids  to  a  still  greater  extent  than  fats  and  carbohydrates.  This  is 
apparent  from  the  following  summary  of  Voit*s  experiments  upon  a  dog: 


Food  tier  Day. 


Meat. 

400 

400 


QflUline 

0 

0 

200 


CaUbolised. 
450 

430 
3S6 


Flesh. 

On  the  Body. 
-50 
-39 

+  44 


^V  I.  MuNK  *  has  lately  arrived  at  similar  r^ults  by  means  of  more  deci- 
sive experiments.  He  found  in  dogs  that  on  a  mixed  diet  which  contained 
3.7  graniii  proteid  per  kilo  of  body,  of  which  hardly  3.6  grams  was  eatab- 
oIi/.ed,  nearl}'  J  cuuld  lie  reijlaceil  by  gelatine.  The  same  dog  eatabolized 
on  the  second  day  of  starvation  three  times  as  much  proteid  as  with  the 
jl  gelatine  fet^ding.  >!u\k  states  also  that  gelatine  has  a  much  greater 
^^  sparing  action  on  proteids  than  the  fati?  or  the  carlRihydrat-es, 
^p  Tliis  ability  of  gelatine  to  spare  the  proteids  is  explainetl  by  Voir  by 
^^  the  fact  that  the  gelatine  is  decomposer!  instead  of  a  part,  of  the  circulat- 
ing pruteitls,  whereby  a  part  of  this  last  may  be  organized. 

The  recent  inves^tigations  of  IvRtrMMACHER  and  Kirchmanx  ^  show  the 
extent  of  the  sparing  action  of  gelatine  upon  proteids.  The  extent  of 
pri>teitl  destmctitm  tin  ring  gelatine  feeding  was  compared  with  the  extent 

*  Arch,  dcs  scienc.  bioL  de  St.  Pdterabaurg^  4,  393;  Schepaki,  M&ly*a  Jahresber,  30. 
'  Se«  foot-note  2,  page  MH, 

*  Wit.  1.  c,  123;   Panum  and  Oeruni,  NorcL  Med.  Arkiv.,  11 
*Pfliigers  Arch.,  ^. 

*  Krummacher,  Zeit^chr.  f.  Bblogie,  -12;    Kirchnmnn,  ibid,,  40, 
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of  proteid  catabollsm  in  starvation,  and  it  was  found  that  35-37.5  per 
cent  of  the  quantity  of  pniteidfclcconiposed  in  stan^ation  could  be  spared 
by  gelatine.  The  physiological  availability  of  gelatine  was  found  by 
Kritumacker  to  be  equal  to  3.88  calories  for  1  gram,  w^hich  corre^onds 
to  about  72.4  per  cent  of  the  energy-content  of  the  gelatine. 

Gelatine  may  ako  decrease  somewhat  the  consumption  of  fat,  although 
it  is  of  less  value  in  this  respect  than  the  carbohydrates, 

Tlie  question  of  the  nutritive  value  of  protef)ses  (and  i>eptones)  stands 
in  clo^^c  relationsliip  to  the  nutritive  value  of  the  proteids  and  gelatine. 
The  early  investigations  ma^Je  by  Maly,  Plos'z  and  Gykrgtay,  and 
Adamkiewicz  have  led  to  the  conclusion  that  with  food  which  contains 
no  proteids  besiiles  peptones  (proteoses)  an  animal  may  not  oidy  preserve 
its  nitrogenous  e<[uilibrium,  but  its  proteid  condition  may  even  increa^. 
Acrordirig  to  recent  and  more  exact  investigations  by  Pollitzer*  Zcntz, 
aii«l  MuxK  the  prote<3se«  have  the  same  nutritive  value  as  pft)teids,  at 
least  in  short  exiieriraents.  According  to  Pollitzer  tliis  is  true  for  differ- 
ent proteoses  as  well  as  for  tnje  peptone;  l)Ui  this  iloes  not  correspond 
with  the  experience  of  Ellinoer/  who  finds  that  the  true  antipeptone 
(gland  peptone)  is  not  able  to  entirely  replace  proteids  or  to  prevent  the 
loss  of  proteid  in  the  animal  body.  On  the  contrary-,  accorduig  to  hbi,  it 
has,  like  gelatine,  the  property  of  sparing  proteids.  Voit  long  ago  ex- 
pressed  a  similar  view.  According  to  him  the  proteoses  and  peptone  may 
indceil  replace  the  proteids  fur  a  short  time,  but  not  permanently;  they 
can  spare  the  proteids,  but  cannot  be  converted  into  proteids.  Accomling 
to  the  researches  of  Blum  '  the  different  proteases  have  various  nutritive 
values.  In  his  experiments  the  heternproteose  from  6brin  could  not 
replace  the  proteids  of  the  food,  while  casein  protoproteose  had  thb 
property, 

Tlie  question  as  to  the  nutritive  value  of  i>rr>teoses  and  peptones  has 
turned  in  a  new  direction,  due  to  the  more  recent  \'ie\^'s,  as  mentioned  in 
Chapter  IX,  on  the  absorption  of  proteids  where  the  proteids  are  not  ab- 
sorboil  cluefly  as  proteoses  and  peptrmes,  but  as  simpler  cleavage  products, 
LoEWi  ^  has  attempteil  by  special  experiments  to  bring  about  a  proteid 
synthesis  from  these  simple  products  in  the  body*  Even  if  this  view 
is  correct  and  if  the  greatest  portion  of  the  food-proteid  is  splii,  before 
absorption,  into  simpler  pniducts  than  peptone,  it  does  not  follow  that  the 


»  Maly,  Pflljger's  Arch.,  9;    Plos'z  aiid  Gyergyay,  thid.,W\  Adjimkiewiet^  *'Die 

Xatur  und  der  Xflhrwertb  des  Peptotis**  (BeriUu  1877);  PoUitBcr,  Pflijger's  Aitih, 
a7,  301;  Zuntz,  ibid,,  37,  313;  Munk,  CeiHndbl  T  d.  med.  Wbsensch.  1889,  20.  aDd 
Deytsch.  med.  Wochmachr.,  ISS9;   Ellmger,  Zeitschr  f,  Biologie.  83  (literature). 

'Zeitschn  f.  ph>^iol  CKem.,  30;    Voit,  L  c,  391. 

'  Arch,  i  exp.  Path,  u,  Pliann.,  -18,  See  also  Henderson  and  Dean,  Amer.  JouriL 
of  Phyaiol,  9,  and  Plumiet,  CYieia.  C«uU»!L\A,,  \<;^QS,  \,  4LQ. 
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proteoses  and  peptones  also  can  completely  replace  the  proteids  of  the 
food.  The  proteoses  and  peptones  are  formed  by  cleavages,  and  perhaps 
certain  atomic  complexes  are  absent  which  occur  in  the  mixture  of  cleav- 
age products  and  which  are  necessary  for  a  regeneration  of  special  proteid 
bodies. 

From  experiments  made  by  Weiske  and  others  on  herbivora  it  appears 
that  asparagin  may  spare  proteid  in  such  animals.  According  to  Kell- 
XER  *  the  sparing  action  of  asparagin  is  only  of  an  indirect  kind  because 
it  serves  as  nutrition  for  the  bacteria  in  the  digestive  tract  instead  of  the 
proteids,  and  also  the  recent  investigations  of  Kellner  and  collaborators 
show  that  asparagin  can  only  spare  the  proteid  catabolisra  in  nirainants 
with  food  poor  in  proteid  but  rich  in  carbohydrates.  In  carnivora  (I. 
Muxk)  and  in  mice  (Voit  and  Politis)  it  was  found  that  asparagin  has 
only  a  very  slight,  if  any,  sparing  action  on  the  proteids.  It  is  not  known 
how  it  acts  in  man. 

Metabolism  on  a  Diet  consisting  of  Proteid,  with  Fat  or  Carbohydrates. 
Fat  cannot  arrest  or  prevent  the  catabolisrn  of  proteids;  but  it  can  decrease 
it,  and  so  spare  the  proteids.  This  is  apparent  from  the  following  table  of 
VoiT.^    A  is  the  average  for  three  days,  and  B  for  six  days. 

Food.  Flesh. 


Meat.  Fat.  Metabolized.      On  the  Body. 

A 1500  0  1512  -12 

B. 1500  150  1474  +2G 

According  to  Voit  the  adipose  tissue  of  the  body  acts  like  the  food-fat, 
and  the  proteid-sparing  effect  of  the  former  may  be  added  to  that  of  the 
latter,  so  that  a  body  rich  in  fat  may  not  only  remain  in  nitrogenous  equi- 
librium, but  may  even  add  to  the  store  of  body  proteids,  while  in  a  lean 
body  with  the  same  food  containing  the  same  amount  of  proteids  and  fat 
there  would  be  a  loss  of  proteids.  In  a  body  rich  in  fat  a  greater  quantity 
of  proteids  is  protected  from  metabolism  by  a  certain  quantity  of  fat  than 
in  a  lean  body. 

Because  of  the  sparing  action  of  fats  an  animal  to  w^hosc  food  fat  is 
added  may,  as  is  apparent  from  the  table,  increase  its  store  of  proteid 
with  a  quantity  of  meat  which  is  insufficient  to  preserve  nitrogenous  equi- 
librium. 

Like  the  fats  the  carbohydrates  have  a  sparing  action  on  the  proteids. 
By  the  addition  of  carbohydrates  to  the  food  the  carnivora  not  only  remains 


*  Weiske,  Zeitschr.  f.  Biologie,  15  and  17,  and  Centralbl.  f.  d.  med.  Wissensch., 
1890,  945;  Munk,  Virchow's  Arch.,  94  and  98;  Politis,  Zeitschr.  f.  Biologie,  28.  See 
also  Mauthner,  ibid.,  28;  Gabriel,  ibid.,  29;  and  Voit,  ibid.,  29,  125;  Kellner,  Maly's 
Jahresber.,  27,  and  Zeitschr.  f.  Biologie,  39. 

'Voit  in  Hermann's  Handbuch,  6,  130. 
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in  nitrogenous  equilibrium,  but  the  same  quantity  of  meat  which  in  itself 
is  insufficient  and  which  without  car!x»hydrates  would  cause  a  loss  of  weight 
in  the  Ixxly  may  with  the  addition  of  carbohydrates  produce  a  deposit  of 
pEoleids.    Tliis  is  apparent  from  the  following  table:  * 

Food.  Flesh. 


Meat. 

Fat. 

Sugar, 

Starch, 

Metabotiied 

On  ib«  Body. 

mo 

250 

^  .  * 

558 

-   58 

500 

300 

466 

+  34 

500 

200 

.  t 

505 

-     5 

SOO 

260 

745 

+  55 

800 

200 

773 

+  27 

2000 

t  i 

200-300 

1792 

+908 

2000 

250 

1883 

+  117 

The  sparing  of  proteid  by  carbohydrate  is  greater,  as  shown  b}"  the 
table,  than  by  fats.  According  to  Voit  t!ie  first  is  on  an  average  9  per 
cent  and  the  other  7  per  cent  of  the  administered  proteid  \v^thout  a  preri- 
ous  addition  of  non-nitrogenous  bodies.  Increasing  quantities  of  carbo- 
hydrates in  the  food  decrease  the  proteid  metabolism  more  regularly  and 
constantly  than  increasing  quantities  of  fat. 

Because  of  this  gre^t  proteid-sparing  action  of  carbohydrates  the  her- 
bivora,  which  as  a  nile  partake  of  considerable  quantities  of  carbohydrateB, 
assimilate  proteids  readily  {^'OIT), 

The  greater  proteid-sparing  action  of  carbohydrates  as  compared  to 
that  of  the  fats  occurs,  as  shown  by  Landergrex,'  to  a  still  higher  degree 
with  food  poor  in  nitrf>gen  or  in  nitrogen  starvation,  in  which  cases  the 
carbohydrates  have  double  the  proteid-sparing  action  as  compared  to  an 
isodynamic  quantity  of  fat. 

The  protei{l-sparing  action  of  the  carbohydrates  and  fats  has  generally 
been  studied  by  the  one-sided  feeding  with  one  or  the  other  of  these  tw) 
groups  of  foofbtuflfs.  The  question  may  be  raised  whether  the  difference 
obser%^eci  between  the  fats  and  carbohydrates  could  not  be  brought  abi.»tjl 
also  by  the  simultaneous  supply  of  carbohydrates  and  fat  in  varj'ing  pro- 
portions. Tallquist  ^  has  made  a  series  of  experiments  on  this  subject. 
In  one  of  the  perioils  16.27  grams  N,  44  grams  fat,  and  466  grams  carbo- 
liydrate  were  given;  in  a  second  16,08  grams  N,  140  grains  fat,  and  250 
grams  carbo by clrate,  containing  nearly  the  same  number  of  calories,  namely, 
2867  and  2873  calories.  In  both  cases  nearly  a  complete  nitrogenous 
etiuilibrium  was  reached  and  the  carbohydrate  did  not  spare  more  proteid 
than  the  fat.  It  is  therefore  possible  that  the  fat  has  about  the  same 
proteid-sparing  action  as  an  isodynamic  amount  of  carbohydrate  when  the 
quantity  tvf  carbohydrates  does  not  sink  below  a  certain  minimum,  whicli 
is  not  known  for  the  present. 

*  Voit  in  Hemiarm's  Handbut'h,  B.  143, 

'U  c,  Itmu^-Dias.,  and  ^?kand.  Arch,  t  PhysioL,  14* 

•FinBka  Lakftrosa\\sVnn^*\ft  \v.nc\\..\S!i^V.    Sec  also  Arch  £,  Hygiene.  41. 
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This  condition  as  well  as  the  extent  of  proteid-sparing  action  of  the 
carbohydrates  stands,  according  to  Landergren/  in  close  relation  to  the 
formation  of  sugar  in  the  body.  The  animal  body  always  needs  sugar, 
and  a  lack  of  carbohydrates  in  the  food  leads  to  a  part  of  the  proteids  being 
used  in  the  sugar  formation.  This  part  can  be  spared  by  carbohydrates 
but  not  by  fats,  from  which,  according  to  Landergren,  the  carbohydrates 
cannot  be  formed.  In  this  lies  also  the  probable  reason  why  the  fats,  on 
being  fed  exclusively  but  not  \.iJ[\  a  sufficient  supply  of  carbohydrates, 
have  a  much  lower  proteid-sparing  action  than  the  carbohydrates.  The 
fats  cannot  prevent  the  proteid  catabolism  necessary  for  the  formation  of 
sv.gar  on  a  diet  lacking  carbohydrates. 

The  law  as  to  the  increased  proteid  catabolism  with  increased  proteid 
supply  applies  also  to  food  consisting  of  proteid  with  fat  and  carbohydrates. 
In  these  cases  the  body  tries  to  adapt  its  proteid  catabolism  to  the  supply; 
and  wh?n  the  daily  calorie-supply  is  completely  covered  by  the  food,  the 
oi^ganism  can,  within  wide  limits,  be  in  nitrogenous  equilibrium  with  dif- 
ferent quantities  of  proteid. 

The  upper  limit  to  the  possible  proteid  catabolism  per  kilo  and  per  day 
has  only  been  determined  for  herbivora.  For  human  beings  it  is  not 
known,  and  its  determination  is  from  a  practical  standpoint  of  secondary 
importance.  What  is  more  important  is  to  ascertain  the  lower  limit,  and 
on  this  subject  w.*  have  several  experiments  upon  man  as  well  as  upon 
dogs  by  HiRscHFELD,  KuMAGAWA,  Klemperer,  Munk,  Rosenheim,^  and 
others.  It  follows  from  these  experiments  that  the  lower  limit  of  proteid 
needed  for  human  beings  for  a  week  or  less  is  about  30-40  grams  or  0.4- 
0.6  gram  per  kilo  with  a  body  of  average  weight,  v.  Noorden  '  considers 
0.6  gram  proteid  (absorbed  proteid)  per  kilo  and  per  day  as  the  lower 
Umit.  The  above-mentioned  figures  are  only  valid  for  short  series  of  ex- 
periments ;  still  there  exist  the  observations  of  E.  Voit  and  Coxstaxtinidi  ^ 
on  the  diet  of  a  vegetarian  in  which  the  proteid  condition  was  kept  nearl)' 
but  not  completely  for  a  long  time  with  about  0.6  gram  of  proteid  per  kilo. 

According  to  Voit's  nonnal  figures,  which  will  be  spoken  of  below,  for 
the  nutritive  need  of  man,  an  average  working  man  of  about  70  kilos 
weight  requires  on  a  mixed  diet  about  40  calories  per  kilo  (tnie  calories 
or  net  calories,  i.e.,  the  combustion  value  of  the  absorbed  foods).  In 
the  above  experiments  with  food  very  poor  in  proteid  the  demand  for 
calories  was  considerably  greater;  as,  for  instance,  in  certain  cases  it  was 
51  (Kumagawa)  or  even  78.5  calories  (Klempkrer).     It  therefore  seems 

*  L.  c,  Inaug.-Diss.     See  also  Skand.  Arch.  f.  Physiol.,  14. 

*See  foot-note  3,  page  637;  also  Munk,  Arch.  f.  (Anat.  u.)  Physiol.,  1891  and  1896», 
Rosenheim,  ibid.,  1891;   Pfliiger's  Arch.,  54. 

'  Gnindriss  einer  Methodik  der  Stoffwechseluntersuchungen.     Berlin,  1892. 

*  Zeitschr.  f.  Biologic,  25. 
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as  if  the  above  very  low  supply  of  proteid  was  only  possible  with  great 
waste  of  non-nitrogenous  food;  but  in  opposition  to  this  it  must  be 
recalled  that  in  Voit  and  Const ajs^tinidi's  experiments  upon  the  vege- 
tarian, who  for  years  was  accustomed  to  a  U\od  \cry  poor  in  proteid  and 
rich  in  carbohydrate,  the  calories  amounted  to  only  43,7  per  kiJo. 

Ilecently  Siv6n  has  shown  by  experiments  upon  himself  that  the 
adult  human  organLsm,  at  least  for  a  short  time,  can  be  maintained  in  nitrog- 
enous equilibrium  with  a  specially  low  supply  of  nitnjgen  without  increas- 
ing the  calories  in  the  food  above  the  normal.  With  a  supply  of  41-13 
calories  per  kilo  he  remained  in  nitrogenous  equilibrium  for  four  dfl_vs 
witli  a  supply  of  nitrogen  of  0.08  gram  per  kilo  of  body  w^eighL  Of  the 
nitrogen  taken,  a  part  was  of  a  non~proieid  nature  and  the  quantity  of 
true  proteid  nitrogen  was  only  0.045  gram,  corresponding  to  about  0.3  gmm 
of  proteid  per  kilo  of  bo<ly  w^eight.  That  this  low  limit,  which  b}'  the  way 
only  holds  for  a  short  time,  has  no  general  validity  follows  from  other  observa- 
tions. Thus  Caspari  *  also,  in  an  experiment  on  himself ,  could  not  attain 
complete  nitrogenous  equilibrium  on  a  much  greater  nitrogen  supply. 
The  proteid  minimum  seems  also  to  be  different  for  various  individuals. 

The  very  important  question  as  to  the  contlitions  favoring  the  depo- 
sition of  fat  and  flesh  in  the  body  is  closely  associated  with  what  has 
just  lieen  said  in  regard  to  fonds  consisting  of  proteid  and  non-nitrogenous 
foodsluffs.  In  this  connection  it  must  lie  remembered  in  the  fiist  place 
that  all  fattening  presupposes  an  overfeeding,  le*,  a  supply  of  foodstufe 
which  Is  greater  than  that  cataboUzed  in  the  same  time. 

In  cariiivt>ni  a  flesh  deposit  it  jn  may  take  place  on  the  exclusive  feeding 
wdth  meat.  This  is  not  generally  large  in  prr>portion  to  the  quantity  of 
proteid  catabolized.  As  shown  hy  an  experiment  upon  a  male  cat  by 
Pfluger  *  this  ma}"  be  so  great  that  the  body  d*iubles  in  weight  under 
favorable  conditions.  In  man  and  ljerbi\'ora,  on  the  contrar>%  the  demand 
for  calories  may  not  be  covered  by  proteid  alone,  and  the  question  as  to 
the  conditions  of  fattening  with  a  mixed  diet  is  of  importance. 

These  conditions  have  also  been  studied  in  camivora,  and  here,  as 
VoiT  has  shown,  the  relationship  between  proteid  and  fat  (and  carbo- 
h3^drates)  is  cjf  great  importance.  If  much  fat  is  given  in  propi>rtion  to 
the  proteid  of  the  food^  as  with  average  quantities  of  meat  with  consider- 
able addition  of  fat,  then  nitrogenous  equilibrium  is  only  slowly  attained 
and  the  daily  deposit  of  flesh,  though  not  lai^e,  is  quite  constant,  and 
may  become  greater  in  the  course  of  time.  If,  on  the  contrar>%  much  meat 
besides  prop^jrtionately  little  fat  is  given,  then  the  deposit  of  proteid  with 
increased  catabolism  is  smaller  day  by  day,  and  nitrogenous  equilibrium 

*  BWhi,  Skand.  Arch.  I  Fhysiol,  10  and  11;  Caspari,  Arch.  f.  (Anat.  u.)  PbysioLi 

1901. 

'Pilugers  Arch.,  "7. 
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is  attained  in  a  few  days.  In  spite  of  the  somewhat  lai^ger  deposit  per 
diem,  the  total  flesh  deposit  is  not  considerable  in  these  cases.  The  fol- 
lowing experiment  of  Voit  may  serve  as  example : 


Number  of 
Days  of  Ex- 
perimentation. 

Food. 

Total 

Deposit  of 

Flesh. 

Daily 

Deposit  of 

Flesh. 

NitroffenouB 
Equilioriimi. 

Meat,  Grams. 

Fat.  Grams. 

32 

7 

500 
1800 

250 
250 

1792 

854 

56 
122 

not  attained 
attained 

The  greatest  absolute  deposition  of  flesh  in  the  body  was  obtained  in 
these  cases  with  only  500  grams  of  meat  and  250  grams  of  fat,  and  even  after 
32  days  nitrogenous  equilibrium  had  not  occurred.  On  feeding  with  1800 
grams  of  meat  and  250  grams  of  fat  nitrogenous  equilibrium  was  established 
after  seven  days;  and  though  the  deposition  of  flesh  per  day  was  greater, 
still  the  absolute  deposit  was  not  one  half  as  great  as  in  the  former  case. 

Tlie  experiments  of  Krug  upon  himself,  under  the  direction  of  v.  NooR- 
DEX,  give  us  information  as  to  the  practicability  of  flesh  deposition  in  man. 
With  abundant  food  (2590  cal.  =  44  cal.  per  kilo)  Krug  was  close  to  nitrog- 
enous equilibrium  for  six  days.  He  then  increased  the  nutritive  supply 
to  4300  cp1.  =  71  cal.  per  kDo  for  fifteen  days  by  the  addition  of  fat  and 
carbohydrate,  and  in  this  time  309  grams  of  proteid,  corresponding  to  1455 
grams  of  muscle,  was  spared.  Of  the  excess  of  administered  calories  in  this 
case  only  5  per  cent  was  used  for  flesh  deposit  and  95  per  cent  for  fat 
deposit.  On  the  other  hand  Borxsteix,*  also  experimenting  upon  him- 
self, could  produce,  without  any  considerable  increase  in  calories,  an  increase 
in  the  proteid  condition  of  about  100  grams  of  proteid,  corresponding  to  500 
grams  of  flesh,  in  the  course  of  fourteen  days  simply  by  increasing  the  supply 
of  proteid  (50  grams  of  nutrose= sodium  casein  with  7  grams  N  per  day). 
We  cannot  state  whether  such  a  nitrogen  or  proteid  retention  indicates  a 
true  flesh  deposition,  i.e.,  the  re-formation  of  living  tissue  or  not. 

BoRNSTEiN  arrived  at  still  better  results  hi  regard  to  proteid  retention 
by  simultaneous  muscle  work,  as  in  these  cases  the  nitrogen  retention 
corresponded  to  a  flesh  deposit  of  800  grams.  The  importance  of  work 
for  the  so-called  proteid  deposition  follows  also  from  many  other  o])ser- 
vations,  and  it  is  in  agreement  with  daily  experience  that  a  man  cannot 
be  made  muscle-strong  by  superf ceding  alone.  A  work-hypertrophy 
must  also  be  introduced. 

It  Ls  difficult  to  produce  a  permanent  flesh  deposit  in  man  by  overfeed- 
ing alone.     Flesh  deposition  Ls,  according  to  v.  Xoorden,  a  function  of 

*  Krug,  cited  from  v.  Xoorden,  I.<»hrl)uch  dor  Patholopie  des  Stofifwechsel.,  120; 
Bomstein,  Bcrl.  klin.  Wochenschr..  1S9S,  and  Pfl liter's  Arch.,  83. 
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the  specific  energ\'  of  the  cleveloping  cells  and  the  cell-work  to  a  much  higher 
extent  than  the  excess  of  fixxL  Therefore  there  is  obsen-ed,  accorcling  to 
V.  NooRDKx,  abundant  flesh  deposition  (1)  in  each  growing  body;  (2)  io 
tliose  no  lunger  growing  but  wlio.se  body  Is  accustomed  to  increased  work; 
(3)  whenever,  by  previous  msufficient  food  or  by  disease,  the  flesh  condi- 
tion of  the  body  has  hcvii  diminished  and  therefore  requires  nbUDdant 
food  to  replace  the  same.  The  deposition  uf  flesh  Is  in  this  case  an 
expression  of  the  regenerative  energy  of  the  eelk. 

The  experiences  of  graziers  shf>w  that  in  fooil-aniniak  a  flesh  deposit 
does  not  occur,  or  at  least  is  only  inconsiilerable,  on  overfee<ling.  The 
intlividitality  and  the  race  of  the  animal  are  of  importance  for  flesh  depo- 
eitinn,^ 

A>s  above  state<l  (Chapter  X)  respecting  the  formation  of  fat  in  the  arumsl 
body,  the  most  essential  condition  for  a  fat  deposition  is  an  overfeeding 
M'ith  non-nitrogenous  foods.  The  extent  of  fat  deposition  is  detennine^l  hy 
the  excess  of  calorics  admitustereil  over  those  actually  needed.  If  a  lai|« 
part  of  the  calorie-fleinand  is  covered  by  proteid»  then  a  greater  part  «f 
the  nt>n-nitrogenous  foodstulTs  siniultane<iusly  ingested  is  spared,  i.e.,  ij^ 
for  fat  deposition.  But  as  i>roteid  antl  fat  are  expensive  nutritive  hiulieft 
as  compared  mth  carbohydrates^  the  supply  of  greater  quantities  of  carbo- 
hy<lrates  is  imi)ortant  for  fat  deposition.  The  body  dec^omposes  less  j*ub- 
fitance  at  rest  than  thiriiig  activity.  Piidily  rest,  besides  a  proper  com- 
bination of  the  three  chief  groups  of  oi^anic  foods,  is  therefore  alsij  an 
essenlial  requLsit^  for  an  abundant  fat  depr^sit. 

Action  of  Certain  Other  Bodies  on  Metabolism.  WoUr.  If  a  quantity 
in  excess  of  that  which  is  necessary  is  introduced  into  the  organism,  tlte 
excess  Ls  quickly  and  principally  eliminatwl  with  the  urine.  TIiLh  in- 
creased elimination  of  urine  causes  in  fasting  animals  (VoiT,  FoRSTiiR)^ 
but  not  to  any  appreciable  degree  in  animals  taking  food  (Seegex,  SaIt 
KowsKi  and  Munk,  May?:h,  Duheltr^),  an  increased  elimination  of  urea. 
The  reason  for  this  increased  excretion  Ls  to  be  found  in  the  fact  that  thi* 
drinking  of  much  water  causes  a  complete  washing  out  of  the  urea  from  the 
tissues.  Another  view,  which  Ls  defended  by  Voit,  is  that  because  of  the 
more  active  current  of  fluids,  after  taking  large  quantities  of  winter  an  in- 
creased metiibolism  of  proteids  takes  place.  Voix  considere  this  explaniir 
ti'in  the  cr>rrect  one^  although  he  df>es  not  deny  that  by  the  Hlieral  adniin- 
i<tnition  of  water  a  more  complete  washing  out  of  the  urea  from  the  tissties 
takf^  place.    !More  recent  investigations  of  I^kumass  *  show  that  the 

*  See  iiUo  Hvenson,  Zeitj*chr.  f,  klin    MfHi,,  43, 

'  Voit.  ITntersuch.  liber  den  Einfluss  des  Koehsalzcs,  etc.  (Munchen.  18601;  Foreter, 
cited  from  Voit  in  Hermann's  Hiindhuclj,  li,  ir^S;  See^en^  Wien.  Sitzungsber,  OS; 
Salkowski  and  Mnnk,  Virchow's  Arch.,  71;  Mayer,  Zeitschr.  f.  klin.  M^l  ,  2;  DuMIr, 
/eifAchr.  f.  Binlogie,28, 

*  Arch,  f.  Hygiene,  3ft, 
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increased  nitrogen  excretion  is  in  fact  due  to  an  increased  lixiviation  of 
the  tissues. 

When  the  body  has  lost  a  certain  amount  of  water,  then  the  abstinence 
from  water  (in  animals)  is  accompanied  by  a  rise  in  the  proteid  metabo- 
lism (Laxdauer,  Straub  0.  In  regard  to  the  action  of  water  on  the  for- 
mation of  fat  and  its  metabolism,  the  view  that  the  free  drinking  of  water 
is  favorable  for  the  deposition  of  fat  seems  to  be  generally  admitted,  while 
the  drinking  of  only  ver>'  little  water  acts  against  its  formation. 

Salts.  Tlio  statements  are  somewhat  contradictor}'  in  regard  to  the 
action  of  salts,  for  example  sodhmi  chloride  and  the  neutral  salts,  which 
partly  depends  upon  the  use  of  large  and  varying  amounts  of  salt  in  the  ex- 
periments. Recent  investigations  of  Strauh  and  Rost^  have  shown  tliat 
the  action  of  salts  stands  in  close  relationship  to  their  power  of  abstracting 
water.  Small  amounts  of  salt  which  do  not  produce  diuresis  have  no  action 
on  metabolism.  On  the  contrari',  larger  amounts  which  bring  about  a 
diuresis  which  is  not  compensated  by  the  ingestion  of  water,  produce  a  rise 
in  the  proteid  metabolism.  If  the  diuresis  is  compensated  by  drinking 
water,  then  the  proteid  metabolism  is  not  increased  by  salts,  but  is 
diminished  to  a  slight  degree.  An  increased  nitrogen  excretion  caused 
by  taking  salts  can  be  somewhat  increased  by  the  nigestion  of  water  and 
thus  increasing  the  diuresis,  and  the  action  of  salts  seems  to  bear  a  close 
relationship  to  the  demand  and  supply  of  water. 

Alcohol,  The  question  as  to  how  far  the  alcohol  absorbed  in  the  intes- 
tinal canal  is  burnt  in  the  body,  or  whether  it  leaves  the  body  unchanged 
by  various  channels,  has  been  the  subject  of  much  discussion.  To  all 
appearances  the  greatest  part  of  the  alcohol  uitroduced  (95  per  cent)  is 
burnt  in  the  body  (Subhotix,  Thudiciium,  r)()DLAXDER,  Eenedicknti  ^), 
As  the  alcohol  has  a  high  calorific  value  (1  gram  =  7  calories),  then  the  ques- 
tion arises  whether  it  acts  sparingly  on  other  bodies,  and  whether  it  is  to- 
be  considered  as  a  nutritive  si.b.stance.  The  older  investigations  made  to 
decide  this  question  have  led  to  no  decisive^  result.  The  thorough  investi- 
gations of  Atwater  and  Rexkd.c  t.  Zuxtz  and  Geppert,  Rjerre,  Clo 
patt,  Neumaxx,  Offer,  Rosemaxx,*  and  others,  seem  to  show  positively 
that  in  man  alcohol  can  dimiuL^h  the  consumption  not  only  of  fat  and 
carbohydrates,  but  also  the  proteids,  although  at  first,  due  to  its  poisonous 
properties,  it  may  increase  the  proteid  mctabolLsm  for  a  short  time.  The 
nutritive  value  of  alcohol  can  only  be  of  special  importance  in  certain 
cases,  as  large  amounts  of  alcohol  taken  at  one  time,  or  the  continued  use 

*  Landaucr,  Maly's  Jahresber.,  24;  Straul),  Zcitschr.  f.  Biologie,  37. 

*W.  Straub,  Zcitschr.  f.  Biologic,  37  and  38;  Rost,  Arbeiten  aus  d.  Kaiserliche 
Gesundheitsamte,  18  (literature).     See  also  Griiber,  Maly's  Jahresber.,  30,  612. 

*  Arch.  f.  (Anat.  u.)  Physiol.,  189G,  which  contains  the  literature. 

*  In  regard  to  the  literature  on  this  subject,  see  the  v.orks  of  O.  Neumann,  Arch.  L 
Hygiene,  36  and  41,  and  Rosernann,  Pfliiger's  Arch.,  86  and  W. 
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cf  smaller  quantities^  has  an  injurious  action  on  the  ot^anism.  Alcohol 
may  therefore  be  regarded  as  a  foodstuff  only  in  exceptional  cases,  and  in 
olher  respects  must  be  considered  as  an  article  of  luxur}-. 

Co/7*  t'  and  ka  have  no  action  on  tlie  exchange  of  material  which  can  be 
positively  proved,  and  their  importance  lies  chiefly  in  their  action  upon  the 
fien'oiis  system.  It  is  impossible  to  enter  into  the  efifect  of  various  thera* 
peutic  agents  upon  mettibolLsni. 

V.  Tlie  Dependence  of  Metabolism   on   Other  Coodition^, 

The  so-called  aljstinence  value  winch  was  previously  mentioned,  i.e., 
the  extent  of  metabolism  with  absolute  rest  of  body  and  inactivity  of  the 
intcj^tinal  tracts  serves  best  as  a  starting-point  for  the  study  of  metabolim 
under  various  external  circumstances.  The  metabolism  going  on  UDcler 
these  conditions  leads  in  the  first  place  to  the  production  of  heat,  and  it  is 
only  to  a  subordinate  degree  dependent  upon  the  work  of  the  circulatory 
and  respirator}'  apparatus  and  the  activity  of  the  glantls.  According  U>  a 
calculation  by  Zuktz,^  only  10-20  per  cent  of  the  total  calories  of  the 
abstinence  value  belongs  to  the  circulation  and  respiration  work. 

The  magnitude  of  the  abstinence  value  depends  in  the  first  place  upon 
the  heat  production  necessar}'  to  cover  the  loss  of  heat,  and  this  heat  pPf** 
duction  is  in  turn  dependent  upon  the  relationship  between  the  weight 
and  the  surface  of  the  body, 

n  eight  of  Boihj  and  Age,  The  greater  the  mass  of  the  body  the  greater 
the  absolute  consumption  of  material ;  wliile,  on  the  contrary,  other  things 
being  equal,  a  small  individual  t)f  the  same  sj)ecies  of  animal  metabolbes 
absolutely  less^  but  relatively  more  as  compared  with  the  unit  of  the  wright 
of  the  body.  It  must  be  remarked  that  the  relation  between  Hesh  and  fat 
in  the  body  exerts  an  impiirtant  influence.  Tlie  extent  of  the  metabolkn 
is  dependent  upon  the  quantity  of  active  cells,  and  a  very  fat  indi\iduftl 
therefore  decomposes  less  substance  per  kilo  than  a  lean  person  of  ite 
game  weight.  According  to  RirBXER  -  the  imi>ortance  of  the  size  of  tlie 
flesh-  uT  cell-mass  in  the  body  Is  overestimated.  In  his  inve^^tigations  en 
two  boys,  one  of  whom  was  corpulent  and  the  other  normally  de%*eloped, 
and  on  comparing  the  food-need  witii  that  foimd  by  Camerek  for  ho}'? 
t  f  the  same  weight,  Kitbner  came  to  the  result  that  the  exchange  of  force 
iu  the  coi*pulent  boy  almost  completely  corresponded  with  that  in  the  non- 
corjmlent  boy  of  the  same  weight.  By  appn»ximately  estimating  the  quan* 
tity  <if  fat  in  the  body  Rubner  was  also  able,  from  the  pmteid  condition,  V« 
t'ompare  tlie  calculated  exchange  of  energ}-  with  that  actually  found.  The 
exchange  per  kilo  amounted  to  52  calories  in  the  lean  and  43,6  caL  iu  the 


*  Cited  from  v.  Noorden^a  Handbuch,  97, 

'  Beitr^e  xur  ^Tiii:ihT\\i\\i  W  \v\^^ci\^v«iT ,  ^v^.  "^^Vnxs.^  1902. 
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fat  boy,  while,  if  the  proteid  condition  was  a  measure,  one  would  expect  an 
exchange  of  calories  of  only  35  cal.  for  the  fat  person.  We  cannot  there- 
fore admit  of  a  diminished  activity  of  the  cell-mass  in  the  fat  boy,  but 
rather  an  increased  activity.  According  to  Rubner  it  is  not  the  flesh- 
mass  (proteid  mass)  alone,  but  its  variable  functional  changes,  which  deteiv 
mine  the  extent  of  decomposition.  In  women,  who  generally  have  less 
body  weight  and  a  greater  quantity  of  fat  than  men,  the  metabolism  in 
general  is  smaller,  and  the  latter  is  ordinarily  about  four-fifths  that  of 
men. 

The  question  as  to  what  extent  gender  specially  influences  metabolism 
remains  to  be  investigated.  Tigerstedt  and  Sond6n  *  found  that  in  the 
young  the  carbon-dioxide  elimination,  per  kilo  of  body  weight  as  well  as 
per  square  meter  of  body  surface,  was  considerably  greater  in  males  than 
in  females  of  the  same  age  and  the  same  weight  of  body.  This  difference 
between  the  two  sexes  seems  to  disappear  gradually,  and  at  old  age  it 
is  entirely  absent.' 

The  essential  reason  why  small  animals  decompose  relatively  more  sub- 
stance than  large  ones,  when  calculated  per  kilo  body  weight,  is  that  the 
bodies  of  smaller  animals  have  greater  surface  in  proportion  to  their  mass. 
On  this  account  the  loss  of  heat  is  greater,  which  causes  increased  heat  pro- 
duction, i.e.,  a  more  active  metabolism.  This  is  also  the  reason  why  young 
individuals  of  the  same  kind  show  a  relatively  greater  decomposition  than 
older  ones.  If  the  heat  production  and  carbon-dioxide  elimination  is  cal- 
culated on  the  unit  of  surface  of  the  body,  we  find,  on  the  contrary,  as  the 
experiments  of  Ruuner,  Richet,'  and  others  show,  that  they  vary  only 
slightly  from  a  certain  average  in  individuals  of  different  weights. 

According  to  Rubner's  rule  as  to  the  influence  of  the  surface,  which 
has  been  recently  formulated  by  E.  Voit,  the  need  of  energy  in  homoio- 
thermic  animals  Is  influenced  by  the  development  of  their  surface  when 
their  body  is  given  rest,  medium  surrounding  temperature,  and  relatively 
equal  proteid  condition.  This  mlc  not  only  applies  to  adult  human 
beings  but  also  to  children  and  growing  individuals  (Rubner,  Oppen- 
heimer).  The  surface  is  the  essential  factor  in  determining  the  extent  of 
exchange  of  energy.  In  order  to  show  this  we  will  give  here,  from  a  work 
of  Rubner,*  the  figures  representing  the  quantity  of  heat  in  calories  for 
1  square  meter  of  surface  for  twenty-four  hours. 

>Skand.  Arch.  f.  Physiol,  6. 

'In  regard  to  metabolism  and  its  relationship  to  the  phases  of  sexual  life  and 
especially  under  the  influence  of  menstruation  and  pregnancy,  see  the  investigations 
of  A.  Ver  Eecke  (Bull.  acad.  roy.  de  med.  de  Belgique,  1897  and  1901,  and  Maiy's 
Jahresber.,  30  and  31). 

'  Rubner,  Zeitschr.  f.  Biologic,  19  and  21;  Richet,  Arch,  de  Physiol.  (5),  2. 

*  Rubner,  Emfthrung  im  Knabenalter,  45;  E.  Voit,  Zeitschr.  f.  Biologie,  41;  Oppen- 
heimer,  ifhd.,  42. 
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Adult,  medium  diei,  rest. .  .   1188  Cyoiisi 

•*  *'     medium  work.,  ,   1390       ** 

Suckling  ,.....»...., 1221       " 

Child  with  medium  diet .   1447       " 

Aged  men  and  women _  .  .    1099       *' 

W  omen , . 1044       " 

Tlie  variation  in  the  calorific  values'   found  by  many  in%'e?tr'  *  - 
which  is  sometimes  not  ven^  small,  speaks  for  the  fact  that  the 
rule  y  not  alone  decisive  for  the  exchange  of  material  in  resting  aium&is, 
Still  it  is  generally  considered  tliat  it  is  most  important  in  this  veg&nl 

The  more  active  metabohsm  in  young  individuals  b  apparent  when 
we  measure  the  gaseous  exchaixge  as  well  as  the  excretion  of  nitrofcn 
As  example  of  the  elimination  of  urea  in  children  the  following  results  of 
C.VMERER^  are  of  value: 

AiB.                       Weight  of  Body  in  Kiloe.      p^,  ^^  '°  ^^'*°Pw^  Kib. 
IJyeare 10  80  12  10  1.35 

a     ** 13  30  n  10  0.90 

5  '*     10  20  12  37  0.76 

7  •' IS  SO  14  05  0.75 

9  '*     25.10  17  27  0.69 

121  •*  .......  32  fiO  17.79  0.54 

15  '*  ,,..,.,.......  35.70  17.718  o  ,vi 

In  adults  weighing  about  70  kilos,  from  30  to  35  grams  of  urea  \wr  na}  are 
eliminatt*tl,  or  0.5  gram  per  kilo.  At  about  fifteen  yean^  of  age  the  destnic* 
tion  of  proteids  per  kilo  is  about  the  same  as  in  aduJts.  The  relatively 
greater  metabolism  of  proteids  in  yourig  individuals  Is  explaineil  parth 
by  the  fact  that  the  metabolism  of  material  in  general  is  more  active  is 
young  animals,  and  partly  by  the  fact  that  young  animab  are»  as  a  rale, 
poorer  in  fat  than  those  fidl  grown. 

Aceoniiog  to  Tigerstedt  and  SoNDts  the  greater  metabolism  in  young 
animab  depends  nevertheless  also  in  part  on  the  fact  that  in  these  indi- 
viduals the  decomposition  in  itself  is  more  active  than  in  older  ones,  Tlw 
period  of  gro\\l:h  has  a  ctjnsiderable  influence  on  the  extent  of  melabolisfli 
(in  man),  and  indee<l  the  metal>olisni^  even  when  calculated  on  the  unit 
of  surface  of  body,  m  greater  in  youth  than  in  old  age.  Tliis  view  is  stmnglT 
di^^|JUtcd  by  Rltbner.  lie  doe«  not  deny  that  diiferences  exist  between 
young  and  adult  individuals  which  may  be  considered  as  a  deviation  fro© 
the  almve  nde;  still  these  differences  may,  according  to  Rubxer»  be  Av^ 
pendent  upon  the  work  pcrforme^l,  the  fcKxl,  antl  the  nutritive  c^^ndition. 
Magnus-Le\^'  and  Talk  *  have  reported  observations  which  support  the 
views  of  SoKD^N  and  Tigerstedt. 


^Stio  Utignns-Le\y ,  Piliiger'a  Arch.,  55;   SlowtKoff  (u.  Zunti),  ibid.,  95. 
'  Zoit-schr  f ,  Biologie,  lU  and  20. 

'  Tigerstedt  and  Sonddn,  I,  c. ;    Rubner,  L  c;   Magnus-Levy,  Arch,  f *  ( Aii»t  u.) 
"•  -liol,  l899,SuppV. 
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As  the  metalx)lisin  may  be  kepi  at  lis  lowest  ix>iiit  by  absolute  rest  of 
bocly  antl  inaetivity  of  the  intestinal  tract,  it  is  manifest  that  work  and 
the  ingestion  of  food  ha%'c  an  important  bearing  on  the  extent  of  metal> 
olisin. 

Rest  ami  Work,  During  work  a  greater  quantity  of  fhemical  energy"  is 
couverte«-l  intx>  kinetic  energy,  i.e.,  the  metabolLsm  is  increasefl  more  or 
lej^s  on  account  of  work. 

As  <^xplaineil  in  a  previous  chapter  (XI)  work,  according  to  the  gener- 
ally accepted  view,  has  no  material  infiuence  on  the  excretion  of  nitrogen. 
It  is  nevertheless  true  that  several  investigators  have  obsen^ed  in  certain 
eases  an  increased  elimination  of  nitmgen;  but  these  obserN'ations  have 
been  exirhihietl  in  otlier  ways.  For  instance,  work  may,  w^lien  it  is  con- 
necteil  with  violent  movements  of  the  body,  easily  cause  dyspna^a,  and  tliis 
last,  as  Frankel  *  has  shown,  may  occasion  an  increase  in  the  elimiaation 
of  nitrogen »  since  diminution  of  the  oxygen  supply  increases  the  pi-otetd 
metabolism.  In  other  series  of  experiments  the  quantity  of  carbohydrates 
and  fats  in  the  f<K>d  w*as  not  sufficient;  the  supply  of  fat  in  the  body  was 
deerease<l  thereby,  and  the  destruction  of  pniteids  was  correspondingly 
increased.  Other  cf)nditions,  such  as  the  extermil  temperature  and  the 
weather,^  thirst,  and  drinking  of  water,  can  also  influence  the  excretion 
of  nitrogen.  Acconling  to  tlie  generally  accepted  view^s  muscular  activity 
has  hardly  any  influence  on  the  metabolism  t»f  proteids. 

On  the  contrary,  w'ork  has  a  very  considerable  influence  on  the  elimina- 
tion of  carbon  dioxide  and  the  consumption  of  oxygen.  This  action,  which 
w^as  first  observetl  by  Lavoisier,  has  recently  been  confirmed  by  many 
investigators.  Pettenkofer  and  Voit  *  have  made  investigations  on  a 
full-grown  man  as  to  the  metabolism  of  the  nitTOgenoiLS  as  well  as  of  the 
Bon-nitn)geuous  bodies  during  rest  and  work,  partly  wiiile  fasting  and 
partly  on  a  mixed  diet.  The  experiments  were  made  on  a  fidbgrawii 
man  weighing  70  kilos.     The  results  are  contained  in  the  following  table: 

Can^umption  of 


Fasting  . ,  . 
Mixed  diet 


ProteicI*. 

Fut.  CArbohydimtoi* 

G0»  Eliminjitfyl 

O  Consu 

Rest. 

.   .      79 

209 

7U* 

7<U 

Work, 

.       75 

380 

1187 

1*171 

Rest,  . 

.  .    137 

72             352 

012 

831 

Work  . 

..   137 

173             352 

1209 

980 

In  these  cases  w^ork  did  not  seem  to  have  any  influence  on  the  tlestmc- 

Etion  of  proteids,  w*hDe  the  gas  exchange  wixs  considembly  increa^ied. 
ZuNTZ  and  his  pupils  *  have  made  very  important  investigations  into 
; 


*  Virchow*s  Arch..  67  and  7L 
*See  Zuntz  and  Schurabarg,  Arch.  f.  (An&t.  u.)  Physiol,  1805. 

*  Zeitachr.  f .  Biologic,  2. 
*9^  the  worka  of  Zuntz  and  Lehmomi,   Maly's  Jahresber.,  lt>;    Katienstcin, 

Pfluger*s  Arch.,  4U;     Loewy,  tbidr,   Zunt^,  ibid.,  68,  and  esporuiHy  the  large  T^ork 
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the  extent  of  the  exchange  of  gas  as  a  measure  of  metabolism  during  work 
and  caitsed  hy  work.  These  investigationjg  not  only  show  the  important 
influence  of  muscular  work  on  the  decomposition  of  mat^al,  but  they 
also  iiidieate  in  a  ver}'  instructive  way  the  relationship  l>etween  the  extent 
of  metabolism  of  material  and  useful  work  of  various  kinds*  We  can  only 
refer  to  these  important  investigatioas,  wliich  are  of  special  physiolcigical 
Intercast. 

The  action  of  muscular  work  on  the  gas  exchange  does  not  alone  appear 
with  hard  %vnTk,  From  the  researches  of  Speck  ami  nthers  we  learn  that 
even  ver\^  small,  apparently  quite  unessential  movements  may  increase 
the  production  of  carbon  dioxide  to  such  an  extent  that  by  not  ob8er\'iD| 
these,  as  in  numerous  older  experiments,  xery  coasiderable  errors  may 
creep  in.  Johanss(ix  '  lias  also  made  experiments  upon  himself,  and  finds 
that  on  the  production  of  as  complete  a  muscular  inactivity  as  possible 
the  ordinar}^  amount  of  carlxm  dioxide  (31.2  grams  per  hour  at  rest  in 
the  orcUnar>^  sense)  may  be  reduced  nearly  one  third,  or  to  an  average  of 
22  grams  per  hour. 

The  quantity  of  carbon  diuxide  eliminateti  during  a  working  period  is 
uniformly  greater  than  the  quantity  of  ox>'gen  taken  up  at  the  same 
time,  and  hence  a  raising  of  the  respirator}*  quotient  was  usually  con- 
sidered as  caused  by  work,  Tliis  rise  does  not  seem  to  be  based  upon  the 
character  of  chemical  processes  going  on  during  work,  as  we  have  a  series  of 
ejq)eriments  made  by  Zuntz  and  his  collaborators,  Lehmann,  Ivat- 
ZFASTEiN  and  Hagemakx,*  in  which  the  nispirator}^  quotient  remained 
almost  w^mtly  unchanged  in  spite  of  work.  According  to  LoEwn*  *  tlie 
iCombustion  processes  in  the  animal  body  go  on  in  the  same  way  in  work 
as  in  rest,  and  a  raising  of  the  respiratory^  quotient  (irrespet^tive  of  the 
transient  change  in  the  respiratory  mechanism)  takes  place  only  with 
insufficient  supftly  of  oxygen  to  the  muscles,,  as  in  continuous  fatiguing 
work  or  excessixe  muscular  activity  for  a  brief  period,  also  with  local  lack 
of  oxygen  caused  by  excessive  work  of  certain  gn>ups  of  muscles.  This 
var>'ing  conrlition  of  the  respirator}^  quotient  has  been  explained  by  Kat- 
zicxsTEiN  by  the  statement  that  during  work  two  kinds  of  chemical 
pnjcesses  act  side  by  side.  The  one  depentls  upon  the  work  wliich  is  con- 
nected with  the  prmluction  of  carbon  dioxide  also  in  the  absence  of  free 
oxygen,  while  the  other  brings  about  the  regeneration  which  takes  place 

*  *  tTnterauch.  iiber  den  Stoffwechsel  dee  Pferdes  bci  Ruhe  uiid  Arbeit/'  Zuntx  and 
Hagemann,  Berlia,  189S,  which  also  contains  a  bibliography.  Ziintx  and  Slowtxoff, 
Pflijger'ji  Arch,,  Uri;   Zuntz,  ihtd, 

'  Nord.  Med.  Arkiv.  Festband,  1S97;  also  Maly'a  Jahresber.,  27;  Speck,  *'Phj*sioL 
des  menschl  Athtueiiii/'  Leipzig,  1S92. 

'  See  ftKjt-note  4,  page  055. 

•Pfluger's  ArcK,  \%. 
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by  the  taking  up  of  oxygen.  When  these  two  chief  kinds  of  chemical 
processes  make  the  same  progress  the  respiratory  quotient  remains  un- 
changed during  work;  if  by  hard  work  the  decomposition  is  increased  as 
compared  with  the  regeneration,  then  a  raising  of  the  respiratory  quotient 
takes  place.  If,  on  the  contrary,  moderate  work  is  continued  and  per- 
formed in  a  way  so  that  irregularities  and  occasional  changes  in  the  circu- 
lation and  respiration  are  excluded  or  are  without  importance,  then  the 
respirator}'  quotient  may  correspondingly  remain  the  same  during  work 
as  in  rest.  Its  extent  is  thereby  in  the  first  place  determined  by  the  nutri- 
tive material  at  its  disposal  (Zuntz  and  his  pupils). 

The  theory  of  Loewy  and  Zuntz  that  the  raising  of  the  respiratory  quotient 
during  work  is  to  be  explained  by  an  insufficient  supply  of  oxygen  is  opposed 
by  Laulani^.*  He  has  observed  the  reverse,  namely,  a  diminution  in  the  respira- 
tory quotient  during  continuous  excessive  work,  and  this  is  not  reconcilable  with 
the  above  statements.  According  to  Laulanib,  who  considers  sugar  as  the  source 
of  muscular  energy',  the  rise  in  the  respiratory  quotient  is  due  to  an  increased 
combustion  of  sugar.  The  diminution  of  the  same  he  explains  by  a  re-formation 
of  sugar  from  fat  which  takes  place  at  the  same  time  and  is  accompanied  by 
an  increased  consumption  of  oxygen. 

In  slee-p  metabolism  decreases  as  compared  with  that  during  waking, 
and  the  most  essential  reason  for  this  is  the  muscular  inactivity  during 
sleep.  The  investigations  of  Rubner  upon  a  dog,  and  of  Johansson  * 
upon  human  beings,  teach  us  that  if  the  muscular  work  is  eliminated  the 
metabolism  during  waking  is  not  greater  than  in  sleep. 

The  action  of  light  also  stands  in  close  connection  with  the  question  of 
the  action  of  muscular  work.  It  seems  positively  proved  that  metabolism 
in  increased  under  the  influence  of  light.  Most  investigators,  such  as 
Speck,  Loeb,  and  Ewald,'  consider  that  this  increase  is  due  to  the  move- 
ments caused  by  the  light  or  an  increased  muscle  tonus.  Fubini  and  Bexi- 
DiCEXTi  *  assume  that  the  increase  in  metabolism  due  to  light  is  independ- 
ent of  the  movements.  They  base  this  assumption  on  experiments  made 
on  hibernating  animals. 

Mental  activity  does  not  seem  to  have  any  influence  on  metabolism 
according  to  the  means  at  hand  for  studying  this  influence. 

Action  of  the  External  Temperature.  In  cold-blooded  animals  the  pro- 
duction of  carbon  dioxide  increases  and  decreases  with  the  rise  and  fall  of 
the  surrounding  temperature.  In  warm-blooded  animals  this  condition  is 
different.  By  the  investigations  of  I.udwig  and  Sanders-Ezn,  Pflijger 
and  his  pupils,  and  Duke  Charles  Theodore  of  Bavaria  and  others,^  it 

>  Arch,  de  Physiol.  (5),  8,  572. 

'Rubner,  Ludwig-Festschr.,  1887;  Loewy,  Berl.  klin.  Woehenschr.,  1891,  434; 
Johansson,  Skand.  Arch.  f.  Physiol.,  8. 

'  Speck,  1.  c;  Loeb,  Pfliiger's  Arch.,  42;  Ewald,  Joum.  of  Physiol,  13. 

*  Cited  from  Maly's  Jahresbcr.,  22,  395. 

*  The  pertinent  literature  may  be  found  cited  by  Yoit  in  Hermann's  Handbiudl- 
6.  and  also  by  Speck,  J.  c. 
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has  hoen  demons trated  that  in  \varm*b boded  animals  the  change  in  the 
externali  temperature  has  different  results  according  as  the  animal's  own 
heat  remains  the  same  or  chati^^cs.  If  the  temperature  of  the  animal  sinks, 
the  ehnxinatioii  of  carlion  dioxide  decreases;  if  the  temperature  rise?,  the 
elimination  of  CO^  increases.  If,  on  the  cnntrarjr,  the  temperature  of  the 
btjdy  remains  unehaiiged,  then  the  elimination  of  carbon  dioxide  increa^^ 
witli  a  hm^r  ami  decreases  witii  a  hi^^her  external  temperature.  The 
statements  on  this  siil>ject  are  somewhat  disput-ed  and  cases  Imve  been 
observe<l  where  in  warm-blo<Mied  animals  the  metabolism  rises  on  cixilin^ 
and  lowering;  the  body  temperature,  while  wanning  and  raising  the  body 
temperature  produces  a  diminution  (Keiarup  ^). 

The  increase  in  metab  >lisni  produced  by  a  lowerinjc:  of  the  externul 
temperature  is  exi)hiined,  aeconlinj;  to  PFLUciER  and  Zuxtz,  by  the  siate- 
ment  tluit  tlie  low  temperature,  liy  exciting  a  reflex  action  in  the  sensitive 
nerves  of  the  skin,  causes  an  increased  metabolism  in  the  mns(.des  -vnth  an 
increased  production  of  heat,  affecting  the  tc^mperamre  i)f  the  bf>d\%  while 
with  a  higher  external  temperature  the  reverse  takes  place.  The  experi- 
ments made  upon  animals  are  somew^hat  uncertain  for  several  reasons,  but 
the  determinations  tsf  the  oxygen  absorption,  as  well  as  the  elindnation  of 
COj,  made  by  Speck,  Loewy,  and  Jqhansbon  *  in  human  beuigs,  hav^ 
shown  that  cold  does  not  produce  any  essential  increase  in  the  metabolisni 
of  man.  The  irritation  caused  by  cold  may  rt»iiexly  cause  a  foreeil  re>^iira- 
tion  with  an  action  on  the  gas  exchange,  and  w^eak  reflex  muscular  move- 
ments, such  as  shiverhi*^,  tremhlinp:,  etc  may  cause  an  insitinificant  in* 
crease  in  the  elimination  of  carbon  dioxifle;  in  complete  muscular  inacti\ity 
cold  seems  to  cause  no  increaseil  absorption  of  oxygen  or  increased  meta^ 
bolism.  Eykman  's  '  experiments  up;>n  inhabitants  of  the  tropics  abo  &h' 
the  same  result,  namely,  that  in  human  beings  no  appreciable  beat  rei^u 
tion  occurs. 

^letabolism  is  increased  by  the  ingestion  of  food,  and  ZrxTZ  *  has  cal- 
culated that  iii  man  the  consuuiptirni  fif  oxygen  is  raise<l  on  an  average 
15  per  cent  above  the  amount  during  rest  for  about  six  hours  after  taking  a 
moderately  hearty  meal.  This  increase  in  the  metabolism  is  caused, 
accord  nig  to  the  generally  accepter  1  \'iew,  probably  only  by  the  inereiisetl 
work  of  the  digestive  apparatus  on  the  parta.king  of  food.  Rjasaxtzkff 
has  shown  that  the  extent  of  nitrogen  elimination  is  proportional  to  the 

*  J.  C.  Kramp,  Dea  omgifvende  temperature  indflydeke,  etc,^  Inaug,*Dii*3,  .Kjohen- 
havn,  1902.  Bee  abo  FaUoise,  Maly'a  Jahresben,  HI;  Predteschensky,  ihid;  Kubuer, 
Arch,  f.  Hygiene,  3>i. 

'Speck,  L  c;  Loewy,  Pfliiger's  Arch.,  46;  Johansson,  Bkand.  Arch  f.  Pb>*sial.,  7, 

■Virchow'e  Arck,  133,  and  Ffliiger's  Arch,  04. 

^Zunts  and  Levy,  "  Beitrag  znr  Keniitnitis  d,  Verdaulichkcit,  etc.»  dc«  Brod«/* 
Pfliiger-B  Arck,  4!*;  Ma^ntia-Lovy,  tbid,,  55;  Koraen.  Skand.  Arch.  f.  Phveiol ,  11  i 
Johan Ason  and  Koraen,  ibiid.,  \^. 
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intensity  of  the  digestive  work.  It  also  follows  from  the  works  of  Magnus- 
Le\'y,  Koraex  and  Johaxssox  *  that  the  proteids  and  to  a  lesser  extent  the 
carbohydrates  even  by  themselves  produce  a  rise  in  metabolism  which 
does  not  seem  to  be  true  for  the  fats. 

VI.  The  Necessity  of  Food  by  Man  under  Various  Conditions. 

Various  attempts  have  been  made  to  determine  the  daily  quantity  of 
oi^anic  food  nee<led  by  man.  Certain  investigators  have  calculated,  from 
the  total  consumption  of  food  by  a  large  number  of  similarly  fed  individuals — 
soldiers,  sailors,  laborers,  etc. — the  avera.^^e  (quantity  of  foodstuffs  required 
per  head.  Others  have  calculated  the  daily  demand  of  food  from  the  quan- 
tity of  carbon  and  nitro£;en  in  the  exfTcta  or  calculated  it  from  the  exchange 
of  force  of  the  person  experimented  upon.  Others,  again,  have  calculated 
the  quantity  of  nutritive  material  in  a  diet  l)y  which  an  c(iuiUbrium  was 
maintained  in  the  individual  for  one  or  several  days  between  the  consump- 
tion and  the  elimination  of  carbon  and  nitrogen.  Lastly,  still  others  have 
quantitatively  determined  during  a  period  of  several  days  the  organic 
foodstuffs  consumed  daily  by  persons  of  various  occupations  who  chose 
their  own  food,  by  which  they  were  well  nourished  and  rendered  fully  capa- 
ble of  labor. 

Among  these  methods  a  few  are  not  quite  free  from  objection,  and  others 
have  not  as  yet  been  tried  on  a  sufficiently  large  scale.  Nevertheless  the 
experiments  collected  thus  far  serve,  partly  because  of  their  number  and 
partly  because  the  methods  correct  and  control  one  another,  as  a  good 
starting-point  in  determining  the  diet  of  various  classes  and  similar  ques- 
tions. 

If  the  quantity  of  foodstuffs  taken  daily  be  converted  into  calories 
produced  during  physiological  combustion,  we  then  obtain  some  idea  of 
the  sum  of  the  chemical  eneviy  which  under  varjang  conditions  is  intro- 
duced into  the  body.  It  must  not  be  forgotten  that  the  food  is  never 
completely  al)sorbed,  and  that  undi^c^sted  or  unabsorbcd  residues  are 
always  expelled  from  the  body  with  the  fieces.  The  gross  results  of  calories 
calculated  from  the  food  taken  must  therefore,  according  to  Rubxer,  be 
diminished  by  at  least  8  per  cent.  This  figure  is  true  at  least  when  the  human 
being  partakes  of  a  mixed  diet  of  about  00  per  cent  of  the  proteids  as  ani- 
mal and  about  40  per  cent  of  the  proteids  as  vegetable  foodstuffs.  With 
more  one-sided  food,  especially  when  this  is  rich  in  imdigestible  cellulose, 
a  much  larrer  quantity  must  be  subtracted. 

The  following  summary  contains  a  few  examples  of  the  quantity  of 
food  which  is  consumed  by  individuals  of  various  classes  of  people  under 
different  conditions.  In  the  last  column  we  also  find  the  quantity  of  living 
force  which  corresponds  to  the  quantity  of  food  in  question,  calculated 

*  See  f(K)t-note  1,  page  (>58. 
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as  calories,  with  the  above-stated  correction.    The  calories  are  therefore 
net  results,  while  the  figures  for  the  nutritive  bodies  are  gross  results. 

Proteids.  Fat.  ^^5ra^"  Calorica,    Authority. 

Soldier  during  peace. 119  40  529  2784  Playfair.* 

**     light  service. 117  35  447  2424  Hildesheim. 

**     m  field. 146  46  504  2852              *' 

Laborer 130  40  550  2903  Moleschott. 

"       at  rest 137  72  352  2458  Pettenkofer  and  Vorr. 

Cabinet-maker  (40  years) .  131  68  494  2835  Forster.' 

Young  physician 127  89  362  2602           " 

"             "        134  102  292  2476 

Laborer  (36  years) 133  95  422  2902 

English  smith 176  71  666  3780  Playfair. 

^'       pugilist 288  88  93  2189            '* 

Bavarian  wood-chopper. .  135  208  876  5589  Liebio. 

Laborer  in  SUesia 80  16  552  2518  Meinert.* 

Seamstress  in  London 54  29  292  1688  Playfair. 

Swedish  laborer 134  79  485  3019  Hultoren  and  Landergren/ 

Japanese  student 83  14  622  2779  Eukman.* 

"        shopman 55  6  394  1744  Tawaha.* 

It  is  evident  that  persons  of  essentially  different  weight  of  body  who 
Kve  under  unequal  external  conditions  must  need  essentially  different  food. 
It  is  also  to  be  expected  (and  this  is  confirmed  by  the  table)  that  not  only 
the  absolute  quantity  of  food  consumed  by  various  persons,  but  also  the 
relative  proportion  of  the  various  organic  nutritive  substances,  shows  con- 
siderable variation.  Results  for  the  daily  need  of  human  beings  in  general 
cannot  be  given.  For  certain  classes,  such  as  soldiers,  laV)orers.  etc., 
results  may  be  given  which  are  valuable  for  the  calculation  of  ilie  daily 
rations. 

Based  on  extensive  investigations  and  a  ven-  wide  experience,  V<:>it  has 
proposeil  the  following  average  ([uantitic^  for  the  daily  diet  of  adults: 

Proteids.  Fat.  Carbohydrates.     Calories. 

For  men 118  grams         50  grams  500  grams  2S10 

But  it  should  be  remarked  that  tht^o  data  relate  to  a  man  weighing 
70  to  75  kilos  and  who  was  engagcil  daily  for  ten  hours  in  not  too  fatigu- 
ing labor. 

The  quantity  of  food  required  by  a  woman  engaged  in  moderate  work 
is  about  four  fifths  that  of  a  laboring  man,  and  we  may  consider  the  fol- 
lowing 05  a  daily  diet  with  moderate  work: 

Prt)tci«ls.  Fat.  Carbohyd  rates.     Calorie*. 

For  women 94  grams         45  grams         4(X)  gnims         2240 


^  III  regard  to  the  older  researches  cited  in  this  table  we  refer  the  reader  to  Voit  in 
Ilcmiann's  Handhuch,  0,  519. 

^  Ibid.,  and  Zeitschr.  f.  Biologic,  9. 

■  Armeo-  imd  Volksemahnmg.  Berlin,  1S80. 

*  I'ntersuchung  iiber  die  Emahnmg  schwedischer  Arbeiter  bei  frei  gewaldt<?r  Kost 
Stockholm.  1S91.     Maly's  Jahres!)er..  21. 

*  Cited  from  Kellner  and  Mori  in  Zeitschr.  f.  Biologic.  25 
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The  proportion  of  fat  to  carbohydrates  is  here  as  1:8-9,  Such  a  pro- 
portion occurs  oft^n  in  the  foot!  of  the  poiirer  classes  wliich  li^'e  chiefly 
ujion  the  clieap  and  voluminoas  vegetable  food  while  thi.s  ratio  in  the  food 
of  wealthier  persons  Ls  1 :  3-4.  It  would  be  desirable  if  in  the  above  rations 
the  fat  was  increased  at  the  expense  of  the  carbohydrates,  but  unfortu- 
nately on  account  of  the  high  price  of  fat  such  a  modification  cannot  always 
be  made. 

In  examining  the  above  numbers  for  the  daily  rations  it  miust  not  be 
forgotten  that  the  figures  for  the  various  foodstuffs  are  gross  results.  Haey 
consetpiently  represent  the  quantity  of  tlie^e  which  niust  be  t^ken  in,  and 
not  those  wliich  are  really  absorbed.  The  figures  for  tlie  calories  are,  on 
the  contrary,  net  results. 

Tlie  various  footls  are,  as  is  well  known,  not  equally  digested  and 
absorbefl,  anrl  in  general  the  vegetable  foods  are  less  completely  consumed 
than  animal  foods.  This  is  especially  tme  of  the  proteids.  Wien,  there- 
fore, Wjit,  as  above  stated,  calculates  the  daily  quantity  of  proteids  needed 
by  a  laborer  as  118  grams,  he  starts  with  the  supposition  that  the  diet  is  a 
mixed  animal  and  vegetable  one,  and  also  that  of  the  above  118  grams 
about  105  grams  are  absorbed.  The  results  obtained  by  Pfluger  and 
his  pupils  BoHLAND  and  Bleiutreu  *  on  the  extent  of  the  metabolism  of 
proteids  in  man  witli  an  optional  and  sufficient  diet  correspond  well  \;\^th 
the  above  figures,  when  the  unequal  weight  of  body  of  the  various  persons 
experimented  upon  is  sufficiently  considered. 

As  a  rule,  the  more  excliLsivel>^  a  v^etable  food  is  employed,  the 
smaller  is  the  quantity  of  proteids  in  the  same.  The  strictly  vegetable  diet 
of  certain  people,  as  that  of  the  Japanese  and  of  the  so-called  v^etariam^ 
is  therefore  a  proof  that,  if  the  quantity  of  food  be  sufficient,  a  person  may 
exist  on  considerably  smaller  quantities  of  proteids  than  \Y^it  suggests. 
It  follows  from  the  investigations  of  Hirscufelu,  Kuxugawa  and  Klem- 
PERER,  Sivi^N^  and  othen?  (see  page  047)  that  a  nearly  wrnplete  or  indeed 
a  com[>lete  nitrogenotis  equilibrium  may  be  attained  by  the  sufficient 
administration  of  non-nitrogenous  nutritive  bodies  with  relatively  very- 
small  quantities  of  proteids. 

If  we  bear  in  mind  that  the  food  of  people  of  different  countries  varies 
greatly,  and  that  the  individual  also  takes  essentially  different  nourish- 
ment according  to  the  external  con<litions  of  living  and  the  influence  of 
chmate,  it  is  not  remarkable  tliat  a  person  accustomed  to  a  mixed  diet 
can  exist  for  some  time  on  a  strictly  vegetable  diet  deficient  in  proteids. 
No  one  doubts  the  al>ility  of  man  to  ada|>t  himself  to  a  heterogeneously 
coraposeil  diet  when  this  Is  not  too  diflieult  of  digt^tion  and  Ls  sufficient 
in  quantity;  also  we  cannot  ileny  that  it  is  possible  for  a  man  to  exist 
also  for  a  long  time  with  smaller  amounts  of  proteid  than  Voit  suggests. 
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Damely  118  grams.  Thus  O,  Nkumaxn  '  experimented  on  himself  during 
746  days  in  three  series  of  experiments  and  his  diet  cjonsisted  of  74.2  grama 
pnjteid,  117  grams  fat,  and  213  grams  carbohydrates  (=2307  gross  calories, 
with  a  weight  of  70  kilos  and  with  ordinarj^  laboratorj^  work).  These 
iigures  cannot  be  compared  with  those  obtained  by  Voit*s  worker,  weigh-  ■ 
ing  70  kilos,  who.se  work  was  harder  than  a  tailor*s  and  easier  than  a  blark* 
smith's;  for  example,  tho  wtjrk  of  a  mason,  carpenter,  or  cabinet-maker. 
Thf  observations  made  thus  far  on  a  lower  proteid  consumption  give  no 
reason  for  essentially  changing  ^'oIT■s  figure.  Although  man  mav  be 
satisfied  under  certain  circumstances  with  a  smaller  quantity  of  pniteid 
than  that  calculatetl  by  Voit,  still  it  does  not  follow  that  such  a  diet  i?i 
also  the  most  serviceable.  VofT*s  figijres  are  only  given  for  certain  cases 
or  certain  categories  of  human  beings.  It  is  apparent  that  other  figurrs 
must  be  taken  for  other  cases,  and  it  is  evident  that  the  daily  ration  given 
by  \^fHT  as  necessary  for  a  laborer  must  be  alteretl  slightly  for  other' coun- 
tri^  because  of  the  existing  conditions  in  middle  Europe,  whexe  Varx 
made  his  investigations.  The  numerous  compilations  (of  Atwater  and 
others  ')  on  the  diet  of  different  families  in  AmericiL  have  given  the  figures 
97-113  grams  proteid  for  a  maii^  and  the  ver)^  careful  investigations  of 
IluLTGREX  and  Landergren  have  shown  that  the  laborer  in  Sweden 
with  moderate  work  and  an  average  l5<jdy  weight  of  70.3  kilos,  with 
optional  diet,  partakes  134  grams  pn:*teid,  79  grams  fat,  and  522  grams 
carbohydrates.  The  quantity  of  proteid  Is  here  greater  than  is  necessary-, 
according  to  Voir.  On  the  other  hand  Lapicque  ^  found  67  grams  pni- 
teid for  Abyssinians  and  81  grams  for  Malaysians  (per  body  wei^rht  of  70 
kilos),  materially  lower  figures. 

If  we  compare  the  figures  on  i>age  060  with  the  average  tigures  pn>p<istHi 
by  VoiT  for  the  daily  diet  of  a  laborer,  it  would  seem  at  the  first  glance  as 
if  the  fucjd  consumed  in  certain  cases  was  considerably  in  excess  of  the  need, 
while  in  other  cases,  as,  for  instance,  that  of  a  seamstress  in  Txjndon,  it  was 
entirely  insuilicient,  A  positive  cnnclusion  cannot,  therefore »  be  drawn  if 
we  do  not  knnw  the  weight  of  the  bcKly,  as  well  as  the  labr»r  performed  by 
t!ie  person,  and  also  the  conditions  of  li\dng.  It  is  certainly  true  that  the 
amount  of  nutriment  re<|uircd  by  the  body  is  ncit  directly  pmportional  Ui 
the  body  weight,  for  a  small  body  consumes  relatively  more  substance 
than  a  larger  one,  and  vanning  quantities  of  fat  may  also  cause  a  difference; 
but  a  large  body^  which  must  maintain  a  greater  quantity,  cimsumeis  an 


*  Arch.  f.  Hygienep  45. 
'  Atwater,  Report  of  the  Storrs  Agric.  Expt.  Station,  Cona.,  1891-1895  and  1S96;  ' 

tdm  Xutritioii  Invftitigatioiis  lit  the  ITmversity  of  TennG3s*'e,  1S93  and  1897;  T.  ?. 
Dept.  of  AgricLiiturf,  Itull.  :A,  1898.  Sec  abo  Atwater  and  Bryant,  ibid.,  BtilL  75; 
Jaffa*  ihid.,  HI;  Grindley,  Sammia,  and  otherSp  tbuLt  01. 

*  Ilultgrtni  and  Landergren,  I  c;   I^apicque,  Arch,  de  PhyisioL  (5),  (L 
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absolutely  greater  quantity  of  substance  than  a  small  one,  and  in  estimat- 
ing the  nutritive  need  one  must  also  always  consider  the  weight  of  the  body. 
According  to  Voir,  the  diet  for  a  laborer  with  70  kilos  body  weight  requires 
40  calories  for  each  kilo.  Ekholm  ^  calculates,  basing  it  upon  his  experi- 
ments, that  for  a  man  weighing  70  kilos,  busied  with  reading  and  writing, 
the  net  calories  are  2450  and  the  gross  calories  2700,  or  35  and  38.5  calories 
per  kilo.  The  minimum  figure  for  metabolism  during  sleep  and  in  as 
complete  rest  as  possible  has  been  found  by  Sond£n,  Tigerstedt  and 
Johansson  '  to  be  24-25  calories. 

As  several  times  stated  above,  the  demands  of  the  body  for  nourishment 
vary  with  different  conditions  of  the  body.  Among  these  conditions  two 
are  especially  important,  namely,  work  and  rest. 

In  a  previous  chapter,  in  which  muscular  labor  was  spoken  of,  it  was 
seen  that  all  foodstuffs  have  nearly  the  same  power  of  serving  as  a  source 
for  mtiscular  work,  and  that  the  muscles,  it  seems,  select  that  foodstuff 
which  is  supplied  to  them  in  the  greatest  quantity.  As  a  natural  sequence 
it  is  to  be  expected  that  muscular  activity  requires  indeed  an  increased  sup- 
ply of  foodstuffs,  but  no  essential  change  in  the  relation  of  the  same,  as 
compared  to  rest. 

Still  this  does  not  seem  to  hold  true  in  daily  experience.  It  is  a  well- 
known  fact  that  hard-working  individuals — men  and  animals — require  a 
greater  quantity  of  proteids  in  the  food  than  less  active  ones.  This  contra- 
diction is,  however,  only  apparent,  and  it  depends,  as  Voit  has  shown,  upon 
the  fact  that  individuals  used  to  violent  work  are  more  muscular.  For 
this  reason  a  person  performing  severe  muscular  labor  requires  food  con- 
taining a  larger  proportion  of  proteids  than  an  individual  whose  occupation 
demands  less  violent  exertion.  Another  fact  is  that  the  diet  rich  in  pro- 
teids is  often  concentrated  and  less  bulky,  and  also  that  in  many  cases  of 
training  a  diet  containing  as  little  fat  as  possible  Ls  selected. 

If  we  compare  the  results  for  the  needs  of  food  in  work  and  rest  which 
are  obtained  under  conditions  which  can  be  readily  controlled,  it  is  found 
that  the  above  statements  are  confirmed  in  general.  As  example  of  this 
the  following  table  gives  the  rations  of  soldiers  in  peace  and  in  the  field 
and  the  average  figiu-es  from  the  detailed  data  of  various  countries.' 

A.  Peace  Ration.  B.  War  Ration. 

Proteids.  Fat.  Carbohydrates.  Proteids.  Fat.  Carbohydrates. 

Minimum. 108  22            504                126  38            484 

Maximum. 165  97            731                197  95            688 

Mean 130  40            551                 146  59             557 

» Skand.  Arch.  f.  Physiol,  11. 

'Sond6n  and  Tigerstedt,  Skand.  Arch.  f.  Physiol,  6;  Johansson,  ibid.,  7;  Tiger- 
stedt, Nord.  Med.  Arkiv.  Festband,  1897- 

'  Germany,  Austria,  Switzerland,  France,  Italy,  Russia,  and  the  United  States.  It  is 
not  known  l^y  the  author  whether  these  figures  have  been  changed  in  the  last  few 
yean  in  the  various  countries,  and  hence  whether  they  must  be  modified  or  not. 
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The  following  figures  for  the  daily  ration  are  obtained  from  the  above 
averages : 

Inpeace 130  40  551  2900 

In  war. 146  59  557  3250 

If  we  calculate  the  fat  in  its  equivalent  quantity  of  starch,  then  the 
Telation  of  the  proteids  to  the  non-nitrogenous  foods  is: 

In  peace. , 1  :  4.97 

In  war, 1  :  4,T9 

The  relation  in  both  cases  is  nearly  the  same.  Similar  results  are 
obtained  when  we  start  with  Vorr-s  figures  for  a  soldier  in  raanceu\Tt  A 
(hard  work)  and  B  (strenuous  work)  in  war, 

Frotc&d*.  F»t.         Carbobydnitce.       Calorwa 

A 135  80  500  3013 

B... 145  100  500  3218 

The  relation  here,  when  the  fat  is  recalculated  as  starch,  in  both  cases  is 

the  same,  or  e^iual  to  1:5. 

If  we  calculate  that  portion  of  the  total  calories  supplied,  which  falls  to 
each  group  of  the  foodstuffs,  it  is  found  that  15-19  per  cent  comes  from  the 
proteid  in  rest  as  well  as  with  medium  and  strenuous  wxirk.  For  the  fat 
and  the  carbohydrates  the  variations  are  greater;  the  chief  quantity"  of 
calories  comes  from  the  carbohydrates.  Of  the  total  calories  16-30 
peJ*  cent  comes  from  the  fat  and  5()-67  per  cent  from  the  carbohydrates. 

The  importance  of  the  food-deniand  fur  working  individuals  is  shown 
by  the  figures  given  on  page  660  for  a  wood-chopper  in  Bavaria.  A  need 
of  more  than  4000  calories  occurs  only  seldom,  and  with  ver>'  hard  work 
the  demand  may  rise  even  to  7000  calories  (At water  aiid  Bryant^  Jaffa  ^). 

4\s  more  work  requires  an  increase  in  the  absolute  quantity  of  food,  bo 
the  quantity  of  focnl  must  be  diminished  when  little  work  is  performed. 
The  question  as*  to  how  far  this  can  be  done  is  of  importance  in  regard  to 
the  diet  in  prisons  and  poorhouses.  We  give  below*  the  following  as  exam- 
ple of  such  diets: 

Proieidi.  Fst.  OBrbohydnlea.  Calorica. 

Prisotier  (not  working)  _  87  22            305             li>G7     Schtjster,' 

..  a5  30            300             1709     Voit. 

Man  in  poorhouse.  .    . , . .   92  45             232             im5     Forstxr.* 

Woman  in  iKHjrhoiiae.  .. .  80  49             266             1725          '* 

The  figures  gi^*en  by  Voit  are,  he  says,  the  lowest  reported  for  a  noiK 


*See  foot-note  2,  page  662. 

*See  Voit,  Untersuchung  der  Kost     Miincben,  1877.  142.     See  abo  Hiraehfdd, 
Ma]y  *s  Jahresber. ,  SO. 
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working  prisoner.    He  considers  the  following  as  the  lowest  diet  for  old 
non-working  people: 

Protoids.  Fat.         Carbohydrates.      OaoriM. 

Men. 90  40  350  2200 

Women. 80  35  300  1733 

In  calculating  ibe  daily  diet  it  is  in  most  cases  sufficient  to  ascertain 
how  much  of  the  various  foodstuffs  must  be  administered  to  the  body  in. 
order  to  keep  it  in  the  proper  condition  to  perform  the  work  required  of 
it.  In  other  cases  it  may  be  a  question  of  improving  the  nutritive  con- 
dition of  the  body  by  properly  selected  food;  and  there  also  are  cases  in 
which  it  is  desired  to  diminish  the  mass  or  weight  of  the  body  by  an  insuf- 
ficient nutrition.  This  is  especially  the  case  in  obesity,  and  all  the  die- 
taries proposed  for  this  purpose  are  chiefly  starvation  cures  which  will  be 
shown  below  from  those  selected,  namely,  Harvey,  Ebstein  and  Oertel's 
cure. 

The  oldest  and  most  generally  known  diet  cure  for  corpulency  is  that  of 
Harvey,  which  is  ordinarily  called  the  Banting  method.  The  principle 
of  this  cure  consists  in  increasing,  as  far  as  possible,  the  consumption  of 
the  accumulated  fat  of  the  body  by  as  limited  a  supply  of  fat  and  carbo- 
hydrates as  practicable  and  a  simultaneously  increased  supply  of  protcids, 
A  second  called  Ebstein 's  cure,  based  on  the  assumption  (not  correct) 
that  the  fat  of  the  food  is  not  accumulated  in  a  body  rich  in  fat,  but  is 
completely  burnt.  In  this  cure  large  quantities  of  fat  arc  therefore  allowed 
in  the  food,  while  the  quantity  of  carbohydrates  is  diminished  very  mate- 
rially. The  third  cure,  called  Oertel's  *  cure,  is  based  on  the  correct 
view  that  a  certain  quantity  of  carbohydrates  has  no  greater  influence 
in  the  accumulation  of  fat  than  the  isodynamic  quantities  of  fat.  In  this 
cure,  therefore,  carbohydrates  as  well  as  fat  are  allowed,  provided  the 
total  quantity  of  the  same  is  not  so  great  as  to  hinder  the  decrease  in  the 
fatty  condition.  A  greatly  diminished  supply  of  water  Ls  also  one  of  the 
features  of  Oertel's  cure,  especially  in  certain  cases.  The  average  quan- 
tity of  the  various  nutritive  substances  supplied  to  the  body  in  these  three 
cures  is  as  follows,  and  we  give  also  for  comparison  in  the  same  table  Voit's 
diet  necessary  for  a  laborer. 

Protcids.  Fat.  Carbohydrates.  f^"jj^ 

Harvey-Banting's  cure 171  8  75             1083* 

Ebstein's  cure 102  85  47             1396 

Oertel's     "    156  22  72             1140 

'*    (max.) 170  44  114             1573 

Laborer,  according  to  Voit 118  56  500            3055 

*  Banting,  Letter  on  Corpulence.  London,  1864.  Ebstein,  Die  Fettliebigkeit  und 
ihre  Behandlung.  1882.  Oertel,  Handbuch  der  allg.  Therapie  der  Kreislaufstorungen. 
1884. 
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If  the  fat  in  all  cases  is  recalculated  in  starch,  then  the  proportion  of 
the  proteids  to  the  carbohydrates  is: 

Harvey-Bantino's  cure. 100  :    M 

Ebstein's  cure 100  :  240 

Oertel's     ''  100  :    80 

"   (max.) 100:129 

Laborer 100  :  530 

In  all  these  cures  for  corpulence  the  quantity  of  non-nitrogenous  bodies 
is  diminished  as  compared  with  the  proteids;  but  also  the  total  quantity 
of  food,  as  is  shown  by  the  number  of  calories,  is  considerably  diminished. 

Harvey-Banting's  cure  differs  from  the  others  in  a  relatively  very 
much  greater  quantity  of  proteids,  while  the  total  number  of  calories  in  it 
is  the  smallest.  On  this  account  this  cure  acts  very  quickly;  but  it  is 
therefore  also  more  dangerous  and  more  difficult  to  accomplish.  In  this 
regard  Ebstein's  and  Oertel's  cures  (especially  Oertel's),  having  a 
greater  variation  in  the  selection  of  food,  are  better.  As  the  adipose 
tissue  has  a  proteid-sparing  action,  we  have  to  consider  in  using  these 
cures,  especiaUy  Banting's,  that  the  destruction  of  proteids  in  the  body 
is  not  increased  in  the  adipose  tissue,  and  one  must  therefore  carefully  watch 
the  elimination  of  nitrogen  by  the  urine.  All  diet  cures  for  obesity  are 
moreover,  as  above  stated,  starvation  cures;  and  if  the  daily  quantity 
of  food  required  by  an  adult  man,  represented  as  calories,  is  in  round 
numbers  2500  calories  (according  to  the  average  figures  found  by  Forster 
in  the  case  of  a  physician),  then  one  immediately  sees  what  a  considerable 
part  of  its  own  mass  the  body  must  daily  give  up  in  the  above  cures.  This 
reminds  us  of  the  great  care  necessary  in  employing  them;  each  special 
case  should  be  conducted  with  regard  to  the  individuality,  the  weight  of 
the  body,  the  elimination  of  nitrogen  in  the  urine,  etc.,  etc.,  and  always 
under  strong  control,  and  only  by  a  physician,  never  by  a  layman.  A 
more  detailed  discussion  of  the  many  conditions  which  must  be  considered 
in  these  cases  does  not  enter  into  the  plan  and  scope  of  this  work. 
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I.  Aninud  Foodstnlfi. 


1000  Puts  contain 


I' 


II 


ji 

i 


I 


Relationship  of 
1:2:3. 


a.  Meat  without  Bones. 


Fat  beef 

Beef  (average  fat  *) 

Beef » 

Corned  beef  (average  fat) . . 

Veal 

Horse,  salted  and  smoked. . 

Smoked  ham 

Pork,  salted  and  smoked '. 
Meat  from  hare. 

"        "     chicken 

"        "     partridge 

"        "    wUd  duck. . .  . . 


b.  Meat  with  Bones. 


Fat  beef  » 

Beef  (average  fat  *) 

Beef,  slightly  corned.  . . . 
Beef,  thoroughly  corned. 

Mutton,  very  fat 

"        average  fat. 

Pork,  fresh,  fat 

"      corned, fat 

Sm(^ed  ham 


c.  Fishes. 


River  eel,  fresh,  entire 

Salmon,      "         "     

Anchovy,    "  "     

Flounder,  "  "     

River  perch,  fresh,  entire.  . . . 
Torsk,  "  "  .  . . . 
Pike.  "  .  "  •  • 
Herring,  salted,  entire 

AnchoNT,    "  "     

Palmon  (sideV  salted 

Kaheliau  Csalted  haddock). . . 

Codfish  (dried  ling'^ 

"       (dried  torsk) 

Fish-meal  from  variety  of  Gadus 


183 
196 
190 
218 
190 
318 
255 
100 
233 
195 
253 
246 


156 
167 
175 
190 
135 
1()0 
100 
120 
200 


89 
121 
128 
145 
100 
86 
82 
140 
116 
200 
246 
532 
665 
736 


166 

98 

120 

115 

80 

65 

365 

660 

11 

93 

14 

31 


141 
83 
93 
100 
332 
160 
460 
540 
300 


220 

67 

39 

14 

2 

1 

1 

140 

43 

108 

4 

5 

10 

7 


11 

18 

18 

117 

13 

125 

100 

40 

12 

11 

14 

12 


9 

15 

85 

100 

8 
10 

5 
60 
70 


6 

10 

11 

11 

8 

8 

6 

100 

107 

132 

178 

106 


640 
688 
672 
550 
717 
492 
280 
130 
744 
701 
719 
711 


r>44 
585 
480 
430 
437 
520 
365 
200 
340 


352 
469 
489 
580 
440 
455 
461 
280 
334 
460 
472 
257 


59  I  116 

87  !  170 


100 
100 
100 
100 
100 
100 
100 


100 
100 
100 
100 


180 
HH 

150 
70 
80 
90 


333 
333 
333 
250 
450 
450 
450 
310 
400 
100 
1(K) 
100 
1.50 


100 


100 


100 
100 
KM) 
100  ' 
100  I 
100  ' 
100  ! 
100  I 
100  I 
100  i 
1(K)  I 


KM) 
KM) 


90 
50 
63 
53 
42 
20 
143 


100  !  660 


5 
48 

<) 
13 


150  100  90 
150  100  I  49 
167   100   53 


53 

100  I  246 
100  !  100 
100  !  4(0 
KK)   4.50 


150 


246 

56 

31 

9 

2 


100 
3 


I 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


'  The  results  in  the  following  tablw  are  chiefly  compiler!  from  the  nummary  of  AlmAn  and  of 
KOnto.  We  here  deeignate  as  "waste"  that  part  of  the  foods  which  i»  lost  in  the  preparation 
or  that  which  is  not  used  by  the  body;  for  instance,  bones,  skin,  egg-shells,  and  the  cellulose 
vegetable  foods. 

*Meatsueh  as  b  ordinarily  sold  in  the  markets  in  Sweden. 

I  Pork,  chifsfly  from  the  breast  and  belly,  such  as  occurs  in  the  rations  of  Swedish  soldiers. 
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^^f                                               TABLE  L— FOODS— (C<w/mw«0<                                               1 

^^^^^             I,  Animal  Foodstuffs. 

1000  FtkHB  ooauin 

1:2  3.                   1 

1 

2 

2 

3 

4 

i 

5 

1 

1 

1 

:2 

i3 

H^               d.  Inker  Groans  (Fresh). 

116 
196 
IM 
163 
221 
150 

182 

190 

220 
7 

a 

304 
35 
35 
41 

37 
230 
334 

89 
106 
122 
160 
103 

123 

110 

92 

150 

as 

90 
115 
115 
114 

77 

80 
111 
110 
117 
140 
101 

70 

232 

220 

270 

\ 

103 
56 
92 

106 

38 

170 

2 

150 
ItM) 
850 
990 

35 

7 

9 

257 

270 

66 

70 

93 

107 

307 

7 

17 

10 
11 
39 
10 
3 
17 
15 
20 
10 
14 
21 
10 
60 
00 

1 

21 
15 
15 

\ 

11 

7 

50 
50 
38 
35 

40 

50 

456 

4 

5 

7 

676 
740 
7(>8 
430 
5.50 
7<i8 
688 
720 
725 
4S0 
514 
654 
720 
.%3 

ma 

656 
770 
537 
530 
520 

11 

17 
10 
10 
13 
10 

9 

50 
55 
15 

175 

7 

7 

7 

6 
50 
50 
56 

8 
10 
13 

S 

18 

8 

3 
.50 
17 

8 
18 
20 
15 
16 

n 

26 

7  1 
30 
20 
17 

2 
36 
25 
25 

770 
720 
714 
721 
728 
670 

807 

610 

565 

119 

7 

217 

873 
901 
905 
665  , 

400  1 

5m 

329 
654 
756 
520 
875 

140 
120 

120 
130 
330 
131 
140 
110 
110 
400 
370 
140 
146 
130 
100 
140 
146 
137 
LiO 
125 

135 

26 

12 

6 

192 

5 

22 
20 
16 
17 
11 
48 

100 
20 
28 
5 
37 
60 
45 

100 

100 

loo 

100 
100 
100 

100 

100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

lOO 
100 

100 

\m  1 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

im 

100 

urn 

100 

89 
28 
50 
65 
17 
113 

1 

79 

73 

12100 

33000 

100 
20 
22 
695 
117 
19 
79 

192 

1 

14 
11 
12 
26 
11 

3 
15 
13 
18 
14 
18 
19 

9 
61 
43 
57 
10 

9 

7 

''' 

0 
0 
0 
Q 

a 

0 
0 

0 

0 

100 

0 

143 

H3 

93 

95 

17 

15 

512 

4 

4 

0 

7 

549 

654 

835 

292      1 

625 

853 

600 

626 

623 

mA 

m    , 
a54 

481 
471 

mt2 

1100 
231 
240 
192 

^^^^B           TLouaf^l ;  trof 

^^^V          Tl*flf_Kft«r+ 

^F            Heart  and  lungs  of  mutton.  .... 

H             Veal-kidney . .  , . 

■             Ox  tongue  (fresh) , 

^m             Blood  from  various  animala  (av- 
^H                '  er£L£r6  resulta).  .  .  ,,.,.,..... 

H                  e.  Other  Animal  Foods. 
H             Variety  of  pork-sausage  (Mett- 

^H              Same  for  frvitijr 

'H                    B^lt.tT 

■              T.nnt 

^^B              MfHt.  pxtm^t           , 

■  Cow's  milk  (fuU) 

■  "         "     (tikimrned), ... 

^H               Biittfrmilk            

^H                 f  "i^iiTTJ    ,  ,        , ,  .  ,  ,  ,     ,  ,     .  , 

H               rhpi^iP  (fftt) 

■                             (mr-rr) 

^H              Whey  cheese  (poor) 

^m              Hen'a  egg,  entire.  ,  .,.,.>.**., 

■                   t*        fT  ^.ithout  sheU 

H              >Vhitp  nf  f^ 

H                    2.  VegeUble  Fcn^lstufiFs. 
^^H              Wheat  (^rain^). ,,,..,.. 

H              Wheat-flour  (fine) 

H                               *^     (very  fine).  ....... 

^^H              Wheiit-bnin, .  ,  , .,.....,. 

H              Whrat-I.read  (fresh) 

^B                       Uyt^   Itrrnln^)      ,  , 

^H              Kve-rtour,  ... , 

^^^H               Rve-bread  tdr>') , 

H                *'*        *'      (fre^h.  coarae) 

■                "        *'      (fresh,  fine) 

^m              Barley  (grains). 

^m             Seotcn  barley.  ,  ,  .    , 

^H             Oat  C^rain.^)!^ .... 

■                *'    (peeled) 

^m                  C^rn 

^B             Rice  (|>eeled  for  boiltng) 

^m              French  boana 

^m              Peas  (yellow  or  green,  dry).  .  ,  . 
^H             Flour  from  peas. 

L                 d 

VEGETABLE  FOODS  AND  LIQUORS. 
TABLE  I.— FOODS— (Conaniied). 


1000  PftrtB  contain 

Relationship  of 

a.  Vegetable  Foodstalfi. 

1 

2 

3 

4 

6 

1 

6 

1 

1 

-.2 

•3 

Potatoes 

20 

14 

10 

25 

19 

27 

31 

14 

10 

12 

32 

219 

4 

5 

242 

140 

2 
2 
2 
4 
2 
1 
5 
3 
1 
1 
4 
25 

537 
480 

200 
74 
90 
50 
49 
66 
33 
22 
23 
38 
60 

412 

130 
90 
72 

180 

10 
7 

10 
8 

12 
6 

19 

10 
4 
7 
9 

61 
3 
6 

29 

50 

760 
893 
873 
904 
900 
888 
908 
944 
956 
934 
877 
160 
832 
849 
54 
55 

8 

10 

15 

9 

18 

12 

8 

7 

6 

8 

18 

123 

31 

50 

66 

95 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

10 
14 
20 
16 

11 

4 
16 
21 
10 

8 
12 
12 

222 
343 

1030 

Tumipe 

529 

Canx>t  (yellow) 

900 

Cauliflower 

2(X) 

Cabbage. 

258 

Reaivi .    . 

244 

Spinach 

106 

liettuce. ] 

157 

rhu*i|nihor(f,  . , . 

230 

Radishes 

317 

Edible  mushrooms  (average). . . 
Same  dried  in  the  air  (average).. 
Apices  and  pears 

188 

188 

3250 

Various  hemes  (average) 

Almonds. 

1800 
30 

Coooa. 

129 

TABLE  II.— MALT  LIQUORS. 


1000  Pmtu  by  Weight  Hmtain 

1 

0 

'  1 

4 

i 

1 

CD 

4 

1 

4 
1 

4 

i 

Porter. 

S71 

887 
885 
911 
903 
881 
916 

945 

2 

2 
2 
2 
3 

54 

28 
32 
35 
40 
47 
25 

22 

76 

55 

58 
72 
59 

7 

15 
7 
8 
4 
6 
5 

7 

13 

3.0 

2.0 
1.6 
1.7 
4.0 

2 
2 

4 

Bacr  (Swedish) _  , 

65 
7n 

5 

"     (Swedish  export),  * , 

3 

Dmught-beer.  ,  ,  .......  ^ .,,,. . 

10 
7 

13 

31 
47 

? 

Lager-b^r»  .*,.»,,, , 

9 

Bock-beer.  ,  . . , , , , , , 

R 

Weia&-been  *.,..,,..,.....,... 

2 

Swedish  '*Svflgdricka" 

23 

3 
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TABLE  m.— WINEB  AND  OTHER  ALOOHOUC  LIQUOBa 


JOOO  PWtt  far  Wtitftt  toBtaia 


I 


i 


i 


Bordeaux  wine. 

White  wine  (Rheingftu), 

Champnyie. 

Rhine  wme  (sparkling). 

Tokay 

Sherry 

Port  wine 

Madeira 

Marsala 

Swedish  punch 

Brandy 

French  cognac 

Liqueurs 


776 

801 
808 
795 
774 
791 
790 
479 


94 
115 

90 

94 
120 
170 
164 
156 
164 
263 
460 
650 
442-590 


28 
23 
134 
105 
72 
35 
62 
53 
46 


6 
4 

115 
87 
51 
15 
40 
33 
35 

332 


5.9 
5.0 
6.0 
6.0 
7.0 
5.0 
4.0 
6.0 
5.0 


1.0 
1.0 
9.0 
6.0 
2.0 
3.0 
4.0 


2.0 
2.0 
1.0 
2.0 
3.0 
5.0 
3.0 
3.0 
4.0 


260-475 


[«^70 
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SPECTRUM  PLATE. 

^*   Abflorption  spectrum  of  a  solution  of  oxyhoBmogUbin. 

^-    Absorption  spectrum  of  a  solution  of  h€Bmoglobin,  obtained  by  the  action  of  an 

ammoniacal  ferro-tartrate  solution  on  an  oxyhemoglobin  solution. 
^*  Absorption  spectrum  of  a  faintly  alkaline  solution  of  methamoglcbin. 
^*  Absorption  spectrum  of  a  solution  of  hizmatin  in  ether  containing  oxalic  acid. 
^.  Absorption  spectrum  of  an  alkaline  solution  of  hasmatin, 
^«  Absorption  spectrum  of  an  alkaline  solution  of  hoBmochromogen,  obtained  by  the 

action  of  an  ammoniacal  ferro-tartrate  solution  on  an  alkaline-hsmatin  solution. 
V    Absorption  spectrum  of  an  acid  solution  of  urcbilin, 

8.  Absorption  spectrum  of  an  alkaline  solution  of  wnbilin  after  the  addition  of  a  zino- 

chloride  solution 

9.  Absorption  spectnim  of  a  solution  of  IvJtein  (ethereal  extract  of  the  egg-yolk). 


INDEX 


AbecMrption,  844—357 

,  action  of  putrefactive  pro- 
in  the  intestine  on, 


Abaorption  ratio,  183 

of  the  blood  pigments, 
183 
Acceptor,  6 
Aocipenaerin,  47 

Acetanilid,  behavior  in  animal  body,  542 
AcethsBmin,  178 

Acetic  add  in  intestinal  contents,  333 
in  gastric  contents,  31^^16 
,  passage  of,  into  urine,  ^,  530 
Aceto-acetic  acid,  576 

in  urine,  534,  573 
Acetone,  575 

in  urine,  573 
Acetonuria,  573 

Acetophenone,  behavior  in  body,  545 
Acetylene,  compound  with  hsmoglobin, 

174 
Acetyldichitosamine,  589 
Acetyl  equivalent,  114 
Acetyl  acid  equivalent,  114 
Acetyl-amino  oenzoic  acid,  544 
Acetvlparaminophenol,  542 
AchiUes  tendon,  composition  of,  350 
Acholia,  pigmentary,  277 
Achromatin,  124 
Achroo-dextrin,  105 
Acid  albuminates,  26 


,  properties,  35,  36  ^ 

,  tormation  in  peptic  di- 


gestion, 303 
,  absorption  of,  345 
Acid  amines,  behavior  in  the  animal  body, 

530 
Acid  equivalent,  113 
Acid  fermentation  of  urine,  581 
Acid  hsmo^lobin,  172 
Acid  rigor,  393 
Acids,  organic,  behavior  in  the  ai^mal 

body,  464,  534,  539 
Acidity  of  urine,  463,  464 

of  the  gastric  contents,  314 
of  the  muscles,  376,  393 
Acrite,  92 


Acrolein,  100 

Acrolein  test,  100, 112 

Acroses,  92 

Aciylio  acid  diureid.    See  Urio  add. 

Actmiochrom,  593 

Adamkiewicz-Hopkin'e  reaction,  31, 92 

Addomorphic  ceils,  295 

Adenine,  131,231 

,  properties,  reaction,  and  oceur> 
rence,  135 
In  urine,  494 
Adhesion,  importance  in  blood  i<^Muni1f>« 

tion,  190, 191 
Adipooere,  372 
Adrenalin,  237 

.  relation  to  glyoasuria,  256 
iEJgagropila,  344 
iE^tonometric  method,  610 
Age,  influence  on  metabdism,  654 
Agglutins,  17 

A^in.  21,  24,  41,  58,  61,  67 
Albumms,  26 

,  general  properties.  33 
,  conversion  mto  ^obulin,  34 
.    See  also  the  various  albumina 
Albumin,  detection  of ,  in  urine,  550, 552 
,  quantitative      estimation      in 
urine,  552 
See  Protdds. 
Albuminates,  26 

,  properties    and    reactions* 


,  ferruginous   albuminate  in 
the  spleen,  232 
Albuminoids,  26,  57 

in  cartilage,  59,  360,  363 
in  the  lens  fibres,  418 
Albumoids,  26,  57 

in  tracheal  cartilage,  58,  860» 

363 
in  lens  fibres,  418 
Albimunose,  in  spermatozoa,  421 
Albuminous  bodies.     See  Protdds. 
Albumoees.     See  Proteoses. 
Alcapton  and  alcaptonuria,  506,  511 — 513 
Alcohol.     See  Ethyl  alcohol. 
Alcohols,  behavior  in  animal  body,  540 
Alcoholic  fermentation,  9,  11,  88,  93 


^^^^m^^^^^^^^^^^^^lNDEX^^^^^^^^^^^^^^^^ 

^M               Alcabolk  fermentation  in  intestine,  334 

Alloxan,  25,  484 

^H                                                      by  tissue  ftn  »y mes,  9 

Ailoxuric  bases,  130,  494.  495,  496 

^m               Aldehj'dases  of  the  liver,  8 

Alloxuric  bodies,  130 

^m              MdehydGSt  behavior  in  the  animal  body, 

Alloxyproteic  acid,  524,  525 

■                    540 

.\imen-B6ttger^Nylandcr'a  sugar  iert,  H 

^H               Aleuron  grninfly  426 

.5*52 

^H                AlexineSr  1^ 

Ambergris,  344 

■               Aldoecs,  84 

Ambram,  344 

^H                Alimentary  dycOBoria,  255,  350 
^H               Alizarin  in  the  urine,  547 

.4mid  nitrogen,  18.  19 

Amino  acids,  relation  to  formatloo  of  ink 

^^i             Alkali  albuminates,  25,  29 

acid,  488 

^^^K                                         ,  properties   and   reao- 

,  relation  to  formation  of  urea, 

^^■^                                        tiouK.  35—36 

_                          469,  539 

^^^^^^                                ,  ocxsurrence      in      the 

,  formation    in    putrefactiiMJ, 

^^^^H                                       brain,  4(>5 

21,334 

^^^^^^H                               ,  occurrence  in  smooth 

,  formation  from  protein  sub> 
stances,    21,    24,   66— «2, 

^^^^^^H                                       mu^U^,  404 

^^^^^^H                                ,  absorption  of ,  345 

334 

^^^^^^H                                 f  L  ieberk  1 1  hn ' s  alkidi  ol- 

,  formation   in  trvptic  digo* 

^^^^^^                                      bumin^te,  35 

tion,  329 

^F              Alkali  albumoso,  37 

,  separation  and  preparBticn, 

^^^^                                               tance,  63<3 

,  behavior  in  the  animal  body. 

^^^^^                                      ^  importance  lor  jsiaseous 

539 

^^^^^H                                         exchange,  mJO— 004 

Amino-acetic  acid,     Fee  Glycocoll. 

^^^^^^B                                ,  action  on  secretion  of 

Amino-benzoic  acids,  bthavior  in  the  ani* 

^^^^^H                                      gastric  juice.  297 

mal  body,  5^14 

^^^^^^H                                ,  action  on  secretion  of 

Amino-caproic  acid.     «See  Leucin. 

^^^^^Htt                                        pancreatic  juice,  322 
^^^B      -                                ,     See    variouii    tissues 

Amino-cerebrinic  acid  chloride,  412 

Amino-cerebrinic  acid  glucoeide,  411 

^^^f                                                 and  fluids. 

Amino-cinnamic  acid,  M2 

^^f             Alkalies,  relation    to    gaseoua    exchange. 

Amino-glutaric  acid,  24,  71 

H                                  187.  188 

Amino-ethyl  sulphonic  acid.     Fee  Taurin. 

^^^H                       ,  diffu^hle  and   non^liffufiihte   in 

Amino-phenyl-acctic  acid,  behav  ior  b  luii- 

^^H                            blood,  188 

mal  body,  5-13 

^^^H                     y  divbion  of,  in  blood  corpuscles 

Amino-phenyl-propionic  acid,  formation  in 

^^^H                            and  pluHum,  188,  201 
^^^^r                     ,     See  also  the  variouij  fluida  and 

the  putrefaction  of  proteids,  22,  .5fH 

Amino-phenyl-propionic  acid,  beha\  inr  b 

^V                                      tissues. 

the  animal  body,  543 

^m               Alkali  phosphates  in  urine,  463,  491 ,  529 

Amino- propionic  acid,  67 

^H                                               ♦  occurrence.        See  the 

Amino-pyrotartaric   acid.     See  Glutamic 

^H                                                   various    fluids    and 

acid. 

^1                                                 oigana 

Amino  sugar,  23,  51 

^H               Alkali  proteose,  37 

AmiDo-«uccinic  acid.     Fee  Aspartic  add 

H                Alkali  urates,  462,  491 

Amino-thiolactic  acid,  beha\ior  in  the  ani- 

^H                                           in  calculi,  582 

mal  body,  540 

■                                           in  sediments,  462,  491 .  582 

Amino- valerianic  acid,  21,  24, 41 ,  58, 60, 6S 

■                Alkali  earths,  elimination    bv    the   intes- 

Amidulin,  104,  290 

^^^                                       tine,  529.  .535 

Ammonia,  formation  in  proteid  putr^iiMV 

^^^^L                                  in  urine.  535 

tion,  334 

^^^P                                 in  bones,  365.  366 

,  formation    from    protein   aib- 

^^^^                               f  insufficient  supply  of,  368, 

stances,  20,  25,  329.  334 

■                               rm 

,  formation  in  trj^ptic  digestion. 

^H               AJcaline  fermentation  of  urine,  581 

329 

^H                Alkalinity,  determination  of,  in  blood,  160 

,  occurrence  in  blood,  202,  470, 

^^L         Alkaloids,  action  on  muscles,  393 

534 

^^^B                         ,  pa;ssa^e  of,  into  urine,  547 

,  occurrence  m  urine,  464,  468* 

^^^B                         1  retention  by  the  liver,  239 

533 

H               Alkvl  sulphide  of  the  skunk,  594 

,  elimination    aft  er    adminiistTa- 

H                Allantoic  fluid.  435 

tion  of  mineral  acids,  4ei4, 534 

^B               Allan toin,  properties  and  occinrence,  499, 

,  elimination  in  disease,  534 

■                                     .500 

,  elimination   in   diseases  of  the 

^^^^                           ^n  trani^udates,  219,  435 

liver.  468 

^^^fe                       ,  formation  from  uric  acid,  489, 

,  after  extirpation  or  atrophy  of 

^^^^^ 

the  hver,  472 
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Ammonia,  estimation  of,  in  urine,  535 
Ammonium  salts,  relation  to  formation  of 
gl}rcogen,  248 
,  relation  to  formation  of 

urea,  470—472 
,  relation  to  formation  of 
uric  acid,  487 
Ammonium-magnesium  phosphate  in  uri- 
nary calculi,  585 
Ammonium-ma^esium  phosphate  in  in- 
testinal calculi,  343 
Ammonium-magnesium  phosphate  in  uri- 
nary sediment,  583 
Anunonium  sulphate,  method  of  separat- 
ing proteoses,  38, 
40,43 
,  method  of  separat- 
i  n  g        caroohy- 
drates,  106,  245 
Anmionium  urate  in  urinary  sediments, 
584,585 
in  urinary  calculi,  582 
Amniotic  fluid,  435 
Amphicreatine,  386 
Amphopeptone,  39 
Amygdalin,  14 
Amylodextrin,  105 
.Vmyloid,  26,  54,  361 

,  vegetable,  107 
Amyloid  degeneration,  bile  in,  277 

,  chondroitin  -  sul- 
phuric   acid    in 
the  liver  in,  361 
Amylolytic  enzymes,  13,  318,  324 
\mylopsin,  324 
\mylum.     See  Starch. 
Vnspmia,  pernicious,  208 
\niline,  behavior  in  the  animal  body,  542 
Anisotropous  substance,  376 
Antedonm,  593 
Antialbumatc,  303 
Antialbumid,  303 
Antialbumose,  38 
Antienzymes,  17,  155,  299,  318 
Antifebrin,  relation  to  elimination  of  uro- 
bilin, 517 
Antimony,  passage  of,  into  milk,  459 

,  action  on  the  elimination  of 
nitrogen,  468 
Antipeptone,  39,  41,  44,  45 
Antipyrin,  relation  to  formation  of  gly- 
cogen, 248 
,  action  on  the  urine,  546 
Antitoxins,  17 
Anuria,  in  cholera,  596 
Aorta  elastin,  59 
Apatite  in  bone-earths,  366 
Arabinose,  85,  87,  88,  90 

,  relation  to  formation  of  gly- 
cogen, 247 
Arabinosimine,  86 
Arabite,  85 

Arachidic  acid,  108,  440 
Arachnoidal  fluid,  218 
Arbacin,  49 


Arbutin,  relation  to  formation  of  glyco- 

Jen,  247 
avior  in  the  animal  body,  506 
Ai^nin,'l8, 21, 24, 43, 45, 47, 48, 58, 62,  77 
Argon  in  blood,  598 
Arnold's  aceto-acetic  acid  reaction,  577 
Aromatic  compounds,  behavior  in  animal 

bod;jr,  541—547 
Arsenic,  in  the  animal  body,  157, 459, 588, 
596 
action    on    the    elimination    of 
nitrogen,  468 
Arsenious  acid,  action  on  peptic  digestion, 

303 
Arseniuretted  hydrogen,  poisoning  with, 

279,  281,  555 
Arterin,  165 

Ascitic  fluids,  51,  219,  221 
Asparagin,  70 

,  relation  to  synthesis  of  pro- 

teids,  25 
,  relation  to  formation  of  gly- 
cogen, 248 
,  nutntive  value,  645 
Asparaginic  acid.     See  Aspartic  acid. 
Aspartic  acid,  70 

,  relation    to    formation    of 

uric  acid,  488 
,  relation    to  formation    of  . 

urea,  469 
,  formation  from  proteid,  21, 

24,  41,  58,  60,  61 
,  behavior  in  the  organism, 
469,  488,  540 
Asparagus,  odoriferous  bodies  of,  in  the 

urine,  547 
Assimilation  limit,  350 
Ass's  milk,  449,  450 
Atmidalbumin,  40 
Atmidalburaose,  40 
Atmidkeratin,  5i8 
Atmidkeratose,  58 

Atropine,  action   of,    elimination   of  vluo 
acid.  48() 
,  on  the  secretion  of  saliva,  293 
Auto-digestion.     See  Autolysis. 
Auto-intoxication,  17 
Autolysis,  11 

,  substances  retarding  coagula- 
tion produced  in,  197 
See  aJso  the  various  organs 
and  tissues. 
Auto-oxidation,  3,  5,  6 

Bacterial  proteids,  19 

Bacteria  urea*,  581 

Banting  cure,  666 

Beer-\dneger  bacteria,  enzyme  of,  11 

Beeswax,  115 

B^^la's  acetone  reaction,  576 

Bence-Jones  proteid,  552 

Benzaldehyde,  oxidation  of,  5 

,  substituted  aldehyde,  be- 
havior in  the  animal 
body,  544 


^B                                              ^V^^^^0IH 

^J^         Benjoic  acid,  formation  from  protein  sub-  | 
^^^L                                      stances.  23,  500 

BiUnibin,  269 

,  relationship  to  blood-pigiDat«. 

^^^H                           ,  posstigo  of,  iiito  sweat,  SM 
^^^^^^m                      ,  behavior  in  the  organism,  2, 

177,  270,  2.S0 

,  lelation&hip  to  bsmatoidiii,  179, 

^^^^B                           5im,  543 

279,  2^0 

^^^^^^H                      ,  oceurrenci*  in  the  urine,  ^503 

,  pytrefaction  of,  837 

^^^^^^H                      ,  subi^lituted    benzoic    acidSr 

,  oi'currence,  269 

^^^^^R^                            action  in  bod}',  544 

Biliverdin,  272 

^^■^     Bemsene,  23,  60 

in  f  ipces,  342 

Biogen  molecule,  6 

^^H                             541,542 

Bioses,  16 

^^^H          Ben^oyl-amino-acetic  acid.    See  Hlppuric 

Bimnuth,  paasage  of,  Into  mUk.  460 

Bi rotation,  8S 

^^^B          B€>n/oyl'C}'stin,  75 

Bitch's  milk,  450,  465 

^^^^^^^  Benzoar-stones,  344 

Biuret,  25,  473 

^^^^H  Blal's  reagent,  572 
^^^^r  Bifurcated  air,  600 

Biuret  base,  cleavage  of,  330 

Biuret  reaction,  25,  31,  46,  473 

^^m         Bile,  259^282 

Blister  fluid,  224 

^^^B                 ,  ajialysis  of,  275,  270 

Blonds,  milk  of,  454 

^^^K               ,  anlineptic  action,  338,  33§ 

Blood,  142—210 

^^^H                 ,  enzynieii  of,  274 

,  general  behavior,  142,  187—192 

^^^^1                   in  Jisfase,  277 

,  analyses,  quantitative,  19t*— 203 

^^^^m               ,  influence  on  proteid  digcj^tion,  332 
^^^m                ,  cm  the  eniukilication  of  fat^,332, 333, 

,  analyses,  ph>nE<ico-ehemical,  160 

,  arterial  and  \Tnfm»,  166,  203,  501^ 

^^m                       354 

,  defibrinated,  143 

^^^H                 ,  on  tlie  secretion  of  bile.  261 

,  asphyxiation,  165,  509 

^^^1                ,  on  ttie  absorption  of  fat,  332,  352^ 

,  qnantity  of.  in  the  body,  209 
,  deteetion.  chtmieo-legal,  181 

^^B 

^^B                 ,  on  tr>'pric  digestion.  328,  333 

,  behavior  in  Flnr%'atioD,  20<J 

^^^H                 ,  UHileculiir  concent rtit ion,  275 

,  comixjMtirn  nnuer  \iuioUB  coodH 

^^^H                 ,  passage  of  foreipi  bodic**,  277 

tions,  200-209 

^^^H                ,  ore  umpire  of,  ii>  iifine,  55  >,  559 

in  gfistric  contents,  313 

^^^H                ,  ocriirrt^riee   of,   in   f2:ai$tric  contents, 

in  urine.  554 — ^557                      ^^h 
Blood-casti;,  555                                        ^^1 
Blood-clot,  143.  1^9                                 ^B 

^^H                      313,  332 

^^^"                   in  meconium,  342 

,  deeomp<*»itioii  in  tlie  intestine,  337 

Blood  coapilation.  142.  143, 146, 189-195 

,  formation  of,  278—282 

BlcK>d-corpuscles,  winte,  I>5,  186 

Bilc-r  one  ret  ions,  282 

,  numt>er  of,  1^5,  208 

BLie-pjgments,  2C59— 274 

,  relation  to  coagubtioo. 

^  origin  and  formation,  278 

1:^5,  191 

"2.«2 

,  red.  161—164 

,  relictions,    271,    272,    273, 

,  number  of,  161,207,20^ 

559 

,  it4at  ion    to    higli    alti- 

^ passage  of,  into  urine  5^ 

tudes,  207 

Biliary  fistulfc,  2,59 

.  passage  of,  into  imse, 

,  influence  of,  on  intestmal 

554 

putrefaction,  239 

,  iierrneability,  154 

Bi!)ar\'  fiatulji*,  influence  on  the  want  of 

,  conifjosition,  184, 185 

f*«id.  339 

Blood  gases,  598—604                             ^^H 

Bill-Halt^,  262 

Blood-pigments,  164— 1F4                       ^^M 

Biie-ricid.s,  262—269 

in  bile,  277                   ^^M 

in  puK,  22K 

in  urine,  654—566       ^H 

in  urine,  356,  558 

Blood-plasma,  1 44—  1 53                         ^^ 

,  detection  of,  269 

,  composition  of.  157,  201        1 

,  absorption  of,  350 

Blood-plaiea,  ir5,  U6,  195                           1 

,  origin  of,  278,  279 

,  relation    to   coagulatioo  of    1 

Bile-mucus,  261 

blood.  191                               1 

BiliantP  arid,  266 

Blood-senim,  1 43.  1 53—  1 61                          ■ 

Biltrvftnin,  269,  272,  273 

,  antj-enzyme*  of.  156              M 

BitifuK-in,  20^ 

,  cnzvme5  of,  1 55                ^^fl 

Bilifn^cin,  269,  273 

,  precipitins  of.  156             ^^H 

Bililinmin,  269,  273 

,  rrim position  of,  157         ^^H 

Bilinh.Hn,  269 

Blor>d-^«pots.  l^^l                                       ^H 

Bi'inrn.^ir,  269.  273 

Blood  tmnt^fu^irrn.  210                            ^^1 

Bilipurpurin,  273 

.......     1 
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Boar  spennatosoa,  421 
Boas  reaction  for  Hd,  314 
Bones  and  bone  tissues,  364 — 370 

in  starvation,  530, 
631 
Bone-earths,  365 
Bone  marrow,  367 
Boneflin,  593 
Bomeol,  522 

Botteber's  spermin  crystals,  420 
Bottger-Almen's  sugar  test,  94,  562 
Bowman's  disks,  377 
Brain,  406—414 
Bromadenine,  132 
Bromanil,  25 
Bromhvpoxanthine,  132 
Bromidfls,  b«havior  to  secretion  of  gastric 

juice,  307 
Bromine,  passage  of,  into  saliva,  293 
Bromoform,  from  proteid,  23 

,  behavior  in  the  animal  body, 
540 
Bromtoluene,  behavior  in  the  animal  body, 

544 
Brunettes,  milk  of,  454 
Brunner's  glands,  316 
Buccal  mucus,  288 
Buify  coat,  189 
Bufidin,  594 
Bufotalin,  594 
Bufotenin,  594 
Bufotin,  594 
Bull,  spermatozoa,  421 
Burss  mucosae,  contents  of,  226 
Butalanin,  65 
Butter-fat,  440 

,  absorption  of,  354 
Butterfly,  pigment  of  wings,  485,  593 
Buttermilk,  449 
Butyl   alcohol,   behavior  in  the  animal 

body,  541 
Butync  acid,  21 

in  urine,  520 
in  gastric  contents,  298 
in  milk  fat,  440 
Butyric-acid  fermentation,  4,  88,  438 

in      intestine, 
336 
Butylmercaptan,  594 
Butyrinase,  in  blood,  155 
Byasus,  26,  65 

Cadaverin,  16 

in  intestine,  580 
in  urine,  526,  580 
Caffeine,  131 

,  behavior   in    the   animal   body, 

494 
,  action  on  the  muscles,  393 
Calcium,  lack  of,  in  food,  368,  636 

,  occurrence.     See  various  tissues 
and  fluids. 
Calcium  carbonate  in  urine,  583 

in      urinary      calculi, 
585 


Calcium  carbonate  in  urinary  sedimentB, 
583 
in  bones,  366,  368 
in  tartar,  294 
Calciiun  casein,  441 
Calcium  oxalate  in  urine,  498 

in  urinary  sediments,  582 
in  urinary   calculi,   584, 
585 
Calcium  phosphate,  relation  to  the  coagu- 
lation of  fibrinogen, 
192 
y  relation  to  the  coag- 
ulation   of    casein, 
441 
» occurrence  in  the  in- 
testinal       concre- 
tions, 343 
in  the  urine,  463,  529, 

530,535 
in  urinary  sediments, 

583 
in  urinary  calculi,  585 
Calcium  salts,  elimination,  529,  535 

,  importance  to  coagulation 
of  the  blood,   143,  147, 
193 
,  importance  to  coagulation 

of  milk,  442 
.     See  various  calcium  salts. 
Calcium  sulphate   in   urinary   sediments, 
583 
,  physiological       action, 
140. 
Calculi,  salivary,  294 
,  intestinal,  343 
,  urinary,  584 
Calories  of  foodstuffs,  624 — 628 

of  different  rations,  660 — 665 
Campho-glucuronic  acid,  100,  522,  546 
Camphor,  behavior  in  the  animal  body, 

522,546 
Cane-sugar.     See  Saccharose. 
Capranica's  reaction  for  guanine,  134 
Capric  acid,  108,  440,  451 
Caproic  acid,  108,  440,  451 
Caprylic  acid,  108,  440 
Caramel,  93,  101 
Carbamic  acid,  480 

in  blood,  156,  470 
in  urine,  470,  471,  472,  480 
,  poisonous  action,  470 
Carbamic-acid  ethylester,  480 
Carbazol,  behavior  in  body,  542 
Carbethoxyldiglycylleucin  ester,  25 
Carbethoxyltrigiycylglycin  ester,  25 
Carboglobulinic  acid,  602 
Carbohflpmoglobin,  174 
Carbohydrates,  83 — 108 

,  imp>ortance  in  fat  forma- 
tion, 374,  650 
,  importance     in    glycogen 

formation.  249,  250 
,  importance  for  muscular 
activity,  395,  400,  401 
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Carbohydrates,  action  on  proteid  metabo- 
lism, 638,  645—650 
,  action  on  intestinal  putre- 
faction, 338,  340,  504 
,  absorption  of,  349 — 353 
,  inadequate  suppl)r  of,  638 
.     See  also  the  various  car- 
bohydrates. 
Carbolic  acid,  action  on  peptic  digestion, 
303 

See  also  Phenol. 
Carbolic  urine,  506 

Carbon,  relation  to  nitrogen  in  the  urine, 
537,538 
,  calorific  value,  627 
Carbon  dioxide  in   the   blood,   598—603, 
608—612 
in  the  blood  in  diabetes, 

602 
in  the  blood  in  poisoning 
with  mineral  acids,  602 
in  the  intestine,  334—336 
.  in  the  lymph,  212,  603 
in  the  stomach,  308 
in  the  muscles  during  rest 

and  activity,  395,  399 
in   the   muscles   in   rigor 

mortis,  394 
in  the  secretions,  603 
in  transudations,  604 
action  on  the  secretion  of 

gastric  juice,  296 
elimination,  dependence  of 
external       temperature 
upon, 058 
elimination  in  rest  and  ac- 
tivity, 395, 399,  G56,  657 
elimination  by  theskin,597 
elimination      in      various 
a^os,  652,  053 
Carbon-dioxide  hirmoglol)in,  174,  000 
Carbon-monoxide  jwisoning,  173,250,389, 
4V)H 
action  on  the  formation  of  lactic  acid, 

3S9 
action  on  the  elimination  of  nitrogen, 

408 
action  on   the  elimination  of  sugar, 
250,  389 
Carbon-monoxide  hiemoglobin,  172,  173, 

183 
C'.'irhon-monoxide  methfrmoglohin,  174 
r'arhon-monoxide  blood  test,  Hoppe-Sey- 

ler's,  173 
farminic  arid.  593 
C'.'irnic  acid,  385 
(  Mrniferrin.  385 
Carnine,  131.  385 

in  urine,  494 
Carnosin.  383.  385 
Carp,  sperma  of.  47,  48 

eggs  of,  55 
Cartilage.  51,  3^0 -.304 

,  qtmntity  of  ash.  304 

,  behavior  to  gastric  juice,  304 


Cartilage,  behavior  to  pancreatic  juice,  330 

Cartilage  gelatine,  363 

Caseid,  441 

Casein,  26,  80,  440,  451 

,  origin  of,  457 

,  from  woman's  milk,  451 

,  from  cow's  milk,  440 

,  quantitative  estimation  of,  445 

,  absori>tion  of,  345 

,  behavior  towaids  rennin,305,441, 
442 

,  behavior  to  gastric  juice,  309, 442, 
451 
Casein,  heat  of  combustion,  625 
Caseinogen,  442 
Caseoses,  39 

,  relation  to  the  coagulation  of  the 
blood,  143 
Castor  bean,  17 
Castoreum,  594 
Castorin,  594 
Catalases,  6,  7,  8,  444 
Catalysators,  8,  15 
Cathsemoglobin,  174 
Catheterization  of  the  lungs,  608 
Cat's  milk,  450 
CeU,  animal,  116—142 
Cell  constituents,  primary  and  seoondanr. 

117 
Cell  fibrinogen,  231 
Cell  globulins,  117,  118,  163 
Cell  membrane,  119,  304 
Cell  nucleus,  124 

,  relation    to    coagulation    of 

fibrinogen,  186,  191 
,  to  pepsin  digestion,  304 
Cellulose,  106,  107 

,  fermentation  of,  107,  332,  337 
Cement,  369 
Cephalin,  411 
Cephalic  acid,  411 
Cerebrin,  227,  407,  408 

,  properties  and  behavior,  409, 410 
m  pus,  227 
Cerebrinin  phosphoric  acid,  412 
Cerebrinic  acid,  412 
Cerebron,  407,411 
Cerebrosides.  408.  409,  411 
Cerebrospinal  fluid,  223,  413 
Cerolein,  115 
Cerotic  acid,  115 
Cerumen,  594 
Cetin,  115 
Cetvl  alcohol,  115 
Chalaza.  429 

Charcot's  crystals,  209,  420,  615 
Cheno-taurocholic  acid,  265 
Children's  urine,  462,  468,  499 
Chitaminic  acid.  98 
Chitaric  acid.  99 
Chitin,  65.  98.  589 

,  behavior  in  tryptic  digestion,  330 
Chitosamine.     See  Glucosamine. 
Chitosan,  51,  590 
Chitose,  99 


INDEX. 


679 


Chloral  hydrate,  behavior  in  the  animal 

body,  522,  541 
Chlorates,  poisoning  with,  171,  555 
Chlorazol,  23 
Chlorbenzene,    behavior    in    the    animal 

body, 546 
Chlorides,  elimination  by  the  urine,  526 
,  elimination  by  the  sweat,  596 
,  action  on  protcid  metabolism, 

651 
,  insufficient  supply  of,  635 
.     See  also   various   fluids  and 
tissues. 
Chlorochrome,  241 
Chlorocniorin,  181 

Chloroform,  action  on  the  elimination  of 
chlorides,  527 
,  action  on  the  muscles,  393 
,  action  upon  proteids,  29 
,  behavior  in  tne  animal  body, 
540 
Chlorophan,  416 
ChlurophyU,  2,  593 

,  relation    to    blood-pigments, 
165,  180 
Chlorosis,  208 
Chlorphenylcystein,  546 
Chlorphenylmercapturic  acid,  546 
Chlorrhodinic  acid,  228 
Chlortoluene,  behavior  in  the  animal  body, 

514 
Cholagogues,  261 
Cholanic  acid,  267 
Cholecyanin,  270,  272,  516 
Choleic  acid,  267 
Cholepyrrhin,  269 
Cholera,  blood  in,  202 
,  sw.eat  in,  596 
,  ptomaines  in,  16 
Cholera  bacilli,  behavior  with  gastric  juice, 

312 
Cholesterilene,  282 
Cholesterilin,  282 
Cholesterin,  282 

,  preparation,  285 
m  blood-serum,  154 
in  sputum,  615 
in  the  !)ile,  262,  274,  277 
in  gall-stones,  282 
in  the  brain,  407,  413 
in  the  urine,  579 
in  urinary  calculi,  586 
,  importance  in  the  life  proc- 
esses of  the  cell,  117,  124 
Cholesterin  calculi,  282 
Cholesterin  ester  in  blood-serum,  154 
Cholesterin  fat,  as  protective  fat,  593 
Cholesterin-propionic  ester,  283 
Cholesterinic  acid,  266 
Cholesteron.  282 
Choletelin,  269,  272 

,  relation  to  urobilin,  516 
Cholic  acids,  262,  2G(> 

,  preparation,    267.     See    also 
the  individual  cholic  acids. 


Choline,  16,  120,  274,  413 
Cholohaematin,  273 
Choloidic  acid,  269 
Cholylic  acid,  266 
Chondrigen,  61,  360 
Chondrin,  64 

in  pus,  228 
Chondrin  balls,  3()3 
Chondroalbumoid,  365 
Chondroitic  acid,  360 
Chondroitin,  361 

Chondroitin-Bulphuric    acid,  30,   51,  54, 

360,361 
in  urine,  523, 

554 
in    kidneys, 
462 
Chondromucoid,  51,  54,  360,  365 
Chondroproteids,  51,  54 

in  the  urine,  553 
Chondrosin  from     chondroitin-sulphuric 
acid,  361 
from  sponges,  54 
Chorda  saliva,  287 
Choroid  coat,  418 

pigment  of,  591 
Chromatin,  124 
Chromhidrosis,  596 
Chromogens  in  urine,  514 

in  suprarenal  capsule,  237 
Chrysophanic  acid,  action  on  urine,  547 
Chyle,  211—214 
Chyluria,  579 
Chyme,  308 

investigation  of,  313 — 316 
Chymosin,  13,  17,  155,  304,  442 

detection  in  gastric  contents. 

313 
in  urine,  534 

occurrence  in  the  pancreas,  330 
.     See  also  Rennin. 
Cilianic  acid,  266 
atric  acid  in  mUk,  440,  448,  453 
Clupein,  47,  48 
Coagulated  proteids,  26,  47 
Coagulation  of  the  blood,  142,  143,  147, 
189—197 
,  intravascular,  \9fi 
of  milk,  438,  441,  451 
of  muscle-plasma,  377,  381, 
393 
Coagiiloses.  44 
Coccinic  acid,  593 
Coccyp:eal  glands,  594 
C-ochmeal,  593 
Cochinillic  acid,  593 
Codfish,  spermatozoa,  49 
Coefficient,  Haser's,  ,537 

,  respiratory,  375,  399,  622, 655, 

656 
,  dissociation,  159 
,  extinction.  182,  183 
,  urotoxic,  526 
Coffee,  action  on  metabolism,  652 
I  Collagen,  26,  61—64,  358,  360,  363 


H                   Ij^^^^p                           ^^^^^H 

1 

H             Colloid,  53,  235,  422 

Cr>^8t&lfibrin,  417                      ^^1 

■ 

^H              CoUoiii  corpuscles,  423 

C^vataJlms,  417 

^m              Cblloid  cysts,  422 

Crvstanine  lens,  416—418 

^^^B 

^m             Colon,  exclujiioti  of,  357 

Crye^taUine  seralbunlin,  134 

^^H 

^^H              Coloring-matters,     See  various  pigmente. 

Cumic  add,  543 

^^^B 

^H              Colostmin  of  woman's  milk,  454 

Cum  in  uric  acid,  543 

^^^B 

^H                                   of  cow*H  milk,  449 

Curd,  442 

^^^B 

^^^^^_A^lo8truiii  corpuscles,  449 
^^^^hgGomma    liacillus.    behador   with   gastnc 

Cyanhydrines,  85 

^^^B 

Cyannjetha-moKlobin,  172 

^^^B 

^^^^^^^^  juice,  tU2 

Cyanocr>'stullin,  433,  592 

^^^B 

^             Compound  proteids,  26,  51 — 57 

Cyanuric  acid,  473^  484 

^^^B 

^M                                 .     See  also  the  different  g:roup8 

CS^anurin,  514 

^^^B 

^m                                      of  protein  subataiices. 

Cvclopterin,  47.  48 

^^^B 

^H               Conalbumin,  430 

Cymene,  543 

4^1 

H               Conchiolin,  2(>,  (^fy,  m 

C^Tirinine,  48 

^^^B 

^m              C^oncentmtion,    molecular.       See   various 

Cystein,  20.  21,24,  76 

1 

^H                  fluids. 

,  conjugation  in  animal  bodv. 

546      1 

^1              Concrements.     See  various  calculi. 

,  behavior    in    the    animal    body.      | 

^B               Chines  of  the  retina,  pijrmeut  of*  416 

540 

1 

^B               Conglutin,  calorific  value  of,  025 

Cysteinic  acid,  75 

1 

^B               Connective  tLiSues,  59,  358,  :i59 

Qrstin,  19,  21,  24,  58,  75.  76,  279,  580         M 

^m               Copaiva  lialsam,  action  on  the  urine,  547 

,  occurrence  in  urine,  523,  580 

^m 

■              Copper  in  Mood,  156,  201 

,  occurrence  in  urinarj-  sedi» 

n^l 

H                             in  bile,  2<r2 

583 

^^B 

^H                             in  l)iliar\'  calculi,  282 

,  occurrence  in  urirmry  calculi. 

586    1 

^H                            in  ha^mocyanin,  184 

,  occurrence  in  sweat,  590 

1 

^m                            in  protein  substances,  18 

,  synthesis,  76 

1 

^m                            in  tnracin,  592 

,  beha\  ior  in  the  animal  bodv,  2T9      M 

■               Comea,  31)4,  418 

Cystinnria,  16,  75,  526.  580 

■ 

H               C^mein,  2(5,  65 

1  epitome,  poliferouB,  422 

A 

^m               Comko'staliijci,  65 

Vym»,  tapeworm,  225 

^^H 

^m               Corpora  lutea,  422 

,  ovarial,  422—426 

^^^B 

■               Corpulence,  diet  cures  for,  665,  666 

,  thyroid,  235 

^^^B 

^1                Corpuscnla  amvlacea,  412 

,  mucoid  substances  of,  51 

^^^B 

■               Cow^s  milk,  437—448 

Cytin,  231 

^^^B 

H                                  ,  preneral    behavior,    437,    4a8, 

C>-togloliin,  26,  118,  192,231 

^^^B 

^■^                                 439 

C^^oein.  127,  130,  138,  139 

^^^B 

^^^L                          ,  analy»^i»  of,  446 — 148 

Cnot^xins,  156 

^^^B 

^^^^B                         ^aittt-putrefactive    action    of, 

CSrtozym,  195 

^^^B 

^^H 

^^^B 

^^^H                         ,  coagulation  with  retmin,  305, 

Daroaluric  acid.  526 

^^^1 

^^H 

Damolic  acid,  526 

^^^B 

^^^^B                          ,  behavior  in  the  stomach,  451 

Dehbrinated  blood,  143 

^^^B 

^^^^T                          ,  composition  of,  448 

Dehydroeholic  acid,  266 

^^H 

^m             Cream,  449 

Dehydrocholeic  acid,  267 

^^H 

^H              C^Atine,  relation   to   formation   of  urea. 

Delofiiorpboic  or  parietal  cells.  295 

^^^H 

■                                  3.H3,  m9 

l>enige*s  reaction  for  uric  acid,  491 

^^H 

^H                            ,  relation    to    muscular    activity, 

r>enig^M6mer*a  tyroein  test,  73 

^^H 

H                                   397,  400 

Dentin,  3R6,  3ti9 

^^^B 

^B                            .  properties  and  oocurrence,  383. 

Dermoid  cyst,  425 

^^H 

H                                   3HI 

De-saminoalbuminic  acid,  37 

^^^B 

^B             Creatinine,  relation  to  muscular  activity, 

DpMcemet's  menilirane,  53,  364 

^^^1 

H                                        397,  4(KJ,  481 

Desoxycholic  acid,  266,  267 

^^^B 

^H                              ,  properties  and  oocurrenoe,  481 , 

Deuteroeiafetoae,  ttO 

^^^B 

■                                     482 

Deuteropruteoee,  39,  45,  651 

^^^B 

^H                                  zinc  chloride,  482 

Deuterogelatose,  63 

^^^1 

■              Crcsol,  21,  334,  504,  505 

DeuteromyoiHinoee,  40 

^^^B 

^H              Cresol-sulphuric  acid,  504,  505 

Denterovitellose.  40 

^^^B 

H             Criiiosin,  412 

Dextrins,  105 

■ 

^H             Cro tonic  acid,  578 

,  formation  ftom  stArch,  105. 

290.    1 

^B              Cninr.  143 

325 

^H              Crutiocreatinine,  386 

,  loading  the  stomach  with. 

307    1 

^H              Cmstaceondiin,  593 

,  occurrence   in  the  gastric 

oon-    B 

^^H              Crust  a  inflammatoria  or  phJogistica,  18^ 

tent«,  312 

^^B             Crystallmmin,  4 1 7 

,  occurrence  in  muscles,  388 

J 
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Dextrine,  occurrence  in  portal  blood,  204, 

350 
Dextrin-like  substance  in  the  urine,  521 
Dextrose,  92—96 

in  blood,  154,  204,  252.  254 
in  urine,  25-4,  521,  561—570 
in  the  lymph,  211 
in  muscles,  388 
in  the  vitreous  humor,  416 
,  preparation  of,  95 
,  calorific  value  of,  625 
,  detection,  93,  94,  561 — 565 
,  reactions  of,  94,  95 
,  absorption  of,  350 
,  quantitative  estimation,  565 — 
570 
Diabetes  mellitus,  254-;-259,  561 

,  elimination   of   ammo- 
nia by  the  urine  in, 
534 
,  relationship  of  the  liver 

to,  257 
,  relationship  of  the  pan- 
creas to,  257,  258 
,  blood  in,  202,  254 
,  amount    of    sugar    in 

blood  in,  202,  254 
,  urine  in,  469,  537,  551 
,  COa  in  the  blood  in,  602 
,  oxybutvric  acid  in  the 

bloocfin,  603 
,  oxybutyric  acid  in  the 
urine  in,  534, 574, 578 
Diacetic  acid.     See  aceto-acetic  acid. 
Dialuric   acid,  relationship  to  formation 

of  uric  acid,  488 
Diamid,  poisoning  with,  400 
Diamino  acids,  18,  24,  74—80 
Diamines  in  the  urine,  21,  526,  5S0 

in  the  gastric  contents,  5 SO 
Diamino-caproic  acid.     See  Lysin. 
Diamino-valerianic  acid,  18.   See  Omithin. 
Diastatic  enzymes,  13,  155,  252,  290,  324 
See   also  other  en- 
zymes. 
Diastase  in  the  blood,  155 
Diazobenzol-sulphonic  acid,  reaction  with 

sugar,  95 
Dibenzoylomithin,  78 
Dicalcium  casein,  441 
Dichlorpurin,  131 
Diet  cures,  665,  666 

Diet  for  various  classes  of  people,  660, 663, 
664,665  t~  K   .       , 

Digestion,  286— 35S 

Digestibility  of  foodstuffs,  310,  348,  351, 

353,354 
Dimethylketone.     See  Acetone. 
Dioxyacetone,  92 
Dioxybenzenes.  506,  542 
Dioxvnaphthalene,  542 
Dipalmitylolein,  109 
Di peptides,  25 
Diphtheria     toxins,    action     upon    the 

gastric  juice,  312 


Disaccharides,  100 

in  urine,  350,  570 
,  inversion  of,  318,  332,  350 

as  glycogen  formers,  250 
Dissociation  degree,  159 
Dissociation  coefficient,  159 
Distearyllecithin,  120 
Distearylpalmitin,  109 
Doeglic  acid,  112 
Do/s  mUk,  450,  455 
Dolphin's  milk,  450 
Donne's  pus  test,  558 
Dotterpliitchen,  27,  426 
Dropsical  fluid,  221 
Dulcite,  85 

,  relationship  to  formation  of  gly- 
cogen, 247 
Dysproteose,  39 
Dyslysins,  268 
Dyspeptone,  303 

Dyspnoea,  action  on  proteid  transforma-^ 
tion,  468,  655 

Ear,  fluids  of,  418 

Earthy  phosphates,  elimination    by    the 
urine,  463,  535 
,  absorption  of,  356 
,  solubility     in     fluids 
rich  in  proteid,  369 
occurrence    in    bone- 
eartlis,  366— 370 
,  occurrence  in  calculi, 

232,  343,  5M 
,  occurrence    in    sedi* 
ments,  563 
See  also    different 
earthy  phosphates. 
Ebstein's  diet  cure,  665 
Echinochrom,  184 
Echinococcus  cysts,  cyst  wall,  590 

,  cyst  contents,  225 
Eck's  fistula,  471 
Edestair,  49 
Edestin,  23,  34,  49,  80 
Edible  bird's  nests,  53 
Eel,  flesh  of,  404 
Egg,  426 

,  hen's  426—436 

,  absorption  in  the  intestine,  348 
,  incubation  of,  433 — 435 
Egg  albumin  (see  Ovalbumin),  430 
Egg-shell,  57,  272,  432 
Egg  yolk,  428 

Ehrlich's  test  for  bile-pigments,  560 
glucosamine  test,  99 
urine  test,  579 
Eiselt's  reaction  for  melanin,  557 
Elaidic  acid,  112 
Elaidin,  112 
Elastin  proteoses,  60 
Elastin  peptone,  60 
Elastin,  20.  26.  59,  60,  80,  119 

,  behavior  with  gastric  juice,  304,. 

35S 
,  beliavior  with  trypsin,  330 
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Elephant  bones,  366 
milk,  450 
tusk,  370 
Ellagic  acid,  444 
Emulsin,  14 
Einydin,  433 
Enamel,  369 
Encephalin,  40S,  410 
Endolymph,  418 
Endosoma,  162 

Energy,  potential,  of  foodstuflfs,  624 — 628 
Enterokinase,  318,  319,  321 
Enzymes  in  general,  10 — 15 

,  amvlolytic  or  diastatic,  13,  238, 

252,  274,  288,  324 
,  fat-splitting    or    lipolytic,    13, 

325 
,  coagulating,     13.     See    rennin 

and  fibrin  ferment. 
,  glucoside-splitting,  18,  14 
,  urea-splitting,  13 
,  oxidizmg.     See  Oxidases. 
,  proteolytic,  13,  228,  232,  274 
,  zymogens  of,  11 

See  also  the  various  enzymes, 
tissues,  organs,  and  flmds. 
Epidermis,  57,  5S8 
Epiguanine,  131,  494,  496 
Epinephrin,  237 
Episarkme,  131,  494,  496 
Erepsin,  318 

,  importance  for  absorption,  347 
Erucic  acid,  lOS 

,  absorption  of,  354 
Ervthrite,  relation  to  glycogen  formation, 

247 
Erythrocytes,    162,    1G3,    164.     See    also 

red   blood-corpuscles. 
Erytliro-dextnii,  105.  200 
Krytliropsiii.     See  Visual  purple. 
Esbjich's  estimation  of  proteid  in  urine, 

5.')3 
Kthal,  11.5 

Ether,  action  on  the  !>loo(l,  162,  164 
,  action  upon  proteids,  29 
,  action  on  the  secretion  of   gastric 

jnic(\  '29C) 
.  action  on  the  nuiscles.  .303 
Etliereal  sulphuric  .acids  in  the  bile,  262, 

274 
Ethereal  sulphuric  acids  in  the  urine,  503, 

.510,  .515 
KtluTcal   sulphuric  acids,  synthesis  of,  in 

the  liver.  230 
Ethyl  alcohol,  pro<luctif)n     in     the    intes- 
tine, .334 
,  pns«^:iiie  of.  into  milk.  401 
,  l)cha\ior     in     the     animal 

bodv.  0.51 
,  .net ion  on   the  secretion  of 

irastric  juice,  2<">r>.  .303 
,  action  on  the  nuHch's.  30.3 
.  action  on  in<'t.-ihn!isin.  051 
,  action  on  diirf*sii»)n.  303 
,  action  on  pro.eids,  2^).  30 


Ethylamine,  solvent  for  uric  acid,  491 
Ethyl   benzene,    behavior  in   the  animal 

body.  542 
Ethylene  glycol,  relation  to  formation  of 

glycogen,  248 
Ethylenimine.     See  Spermin. 
Ethylidene-lactic     acid,     388.     See    also 

other  lactic  acids. 
Ethylmercaptan,  beha\ior  in  the  animal 

body,  540 
Ethyl-sulphuric    acid,    beha\ior    in    the 

animal  body,  540 
Ethyl  sulphide,   formation  from  proteid, 
20,  21,  24 
,  behavior    in  the  animal 
body,  540 
EuglobuUn,  149 
Euxanthic  acid,  100 
Euxanthon,  545 
Euxanthonic  acid,  546 
Kxcrements,  340,  341,  342 

in  dogs  with  biliary  fistula, 

339 
in  star\'ation,  618 
Excreta,  of  the  animal  organism,  617 — 622 
division  by  the  various  channels, 
618 
Excretin,  342 
Excretolic  acid,  342 
Exostosis,  368 
Expectorations,  614,  615 
Extinction  coefficient,  182,  183 
Extracellular  action  of  enzymes,  11 
Exudates,  217—226 
Eye,  414—418 

Fapces.     See  Excrements. 
Fat,  origin  in  the  body,  372 — 374,  640 
,  general  properties,  detection  and  oc- 
currence, 108 — 115 
,  relation  to  work,  399 

to  the  fonuation  of  glycogen, 
248 
,  calorific  value  of,  626,  628 
,  nutritive    value  of,  624 — 628,  645 — 

C50 
,  rancidity  of,  110 
,  absorption  of,  352 — 356 
,  behavior  with  gastric  juice.  304 
,  behavior  with  pancreatic  juice,  325 
,  sa]X)nirication  of.  110,  332,  351^ 
,  action  of,  on  the  secretion  of  bile,  2(K) 
,  action  of.  on  the  secretion  of  gastric 

juice.  .''0  1 
,  action   of.   on   the  .secretion   of  pan- 

cnvMtic  juice.  .322 
,  iodized.   Ix'havior  of,   in   the  animal 

body.  372,  4.58 
,  estimation  of.  114,  447 
,  met.'ibolism  of,  in  activity  and  at  rest, 

399 
,  metabolism  of.  \n  starvation.  630 
,  metabolism   of.  with    various    foods. 
640.  ()45.  (U6.  652 
Fat  formation,  fn)ui  proteids,  372-374 
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Fat  formation  from  carbohydrates,  374 
Fat-sweat,  594 

Fatty  acids,  general  properties,  detection 
and  occurrence,  108 — 115, 
316 
,  solubility  in  bile,  332,  353 
,  absorption  of,  352 
,  synthesis,  375 

to  neutral  fats,  352, 
374 
Fatty  degeneration,  372 
Fatty  infiltration,  241 
Fatty  series,  behavior  of  members  in  the 

anunal  body,  539 
Fatty  tissue,  370,  371 

,  behavior  with  gastric  juice, 
304 
Feathers,  5B 

,  pigments  of,  592 
Fehling's  solution,  94,  566 
FeUic  acid,  263 

Fermentation,  4,  10,  11,  88,  90,  93 
in  the  intestine,  333 
in  the  urine,  5U,  5S4 
in  the  gastric  contents,  312. 
.     See  also  various  fermen- 
tations, alcoholic,  etc. 
Fermentation  lactic  acid,  properties,  oc- 
currence, etc., 
3S8,  3S9 
in    the    gastric 
contents,  298 
in  the  souring  of 
milk,  438 
,  detection  in  the 
gastric      con- 
tents, 315 
Fermentation  test  in  the  urine,  563, 569 
Ferments  in  general,  10 
inorganic,  15 
.     See  various  enzymes. 
Ferratin,  241 
Ferrine,  241 

Fevers,  elimination  of  ammonia  in,  534 
,  elimination  of  uric  acid  in,  486 
,  elimination  of  urea  in,  468 
,  elimination  of  potassiimi  salts  in, 

533 
,  metabolism  of  proteids  in,  468 
Fibres,  elastic,  in  sputum,  615 

,  reticulate,  358 
Fibrin,  23.  26, 143, 145, 146, 153, 189, 192, 
193 
,  occurrence  in  transudates,  220 
,  Hciile's,  419 
Fibrin  coagulation,  146—148,  189—198 
Fibrin  calculi,  343,  5  6 
Fibrin  digestion,  300,  313,  327,  329 
Fibrin  ferment.  13,  144,  146,  1S9— 198 
Fibrin  formation,  146—148,  189—198 
Fibrin  globulin,  14S,  153 
Fibrin  soluble.     See  Serglobulin. 
Fibrinogen,  24,  26,  144—148,   153,   192, 

193, 224 
Fibrinolysis,  146 


Fibrinoplastic  substance.  See  Serglobulin. 

Fibroin,  26,  65,  66 

Fischer-A\'eiders  reaction,  133 

Fish-bones,  36S 

Fish-eggs,  27,  433 

Fish-scales,  65,  133 

Fish,  bile  of,  262 

,  spermatozoa  of,  47,  128 
,  swimming-bladder  of,  133,  613 
,  Wsual  purple  of,  415 
Flesh,  metabolism,  in  starvation,  629 

,  metabolism,    with    various    foods, 
639—650 
Flesh  quotient,  404 
Florence's  sperma  reaction,  420 
Fluorine  in  lx)nes,  366 

in  enamel,  370 
Fly-ma^ots,  formation  of  fat  in,  373 
Foods,  mfluence  on  the  secretion  of  intes- 
rinal  juice,  317 
,  influence  on  the  secretion  of  bile^ 

260 
,  influence  on  the  secretion  of  gastric 

juice,  296,  297 
,  influence  on  the  secretion  of  pan- 
creatic juice,  321—322 
,  influence  on  the  secretion  of  milk, 

456 
,  influence  on  the  elimination  of  uric 

acid,  485 
,  influence  on  the  elimination  of  urea, 

467, 46S 
,  influence    on    the    elimination    of 

xanthine  bodies,  494 
,  influence  on  faeces.  341,  348.  619 
,  influence  on  metabolism,  633 — 650 
,  various,  rich  in  proteid.  639 — 650 
,  various,  mixed,  639 — 650 
,  insufficient  supply  of,  633—639 
Foodstuffs,  necessity  of,  61 6 

,  combastion  heat  of,  624 — 628 
Formaldehyde,  formation  in  plants,  1,  92 
,  action  upon  protcida,  37 
,  combination  with  urea,  474 
,  relation   to   sugar  forma- 
tion, 91 
Formic  acid  in  gastric  contents,  316 

,  passage  of,  into  urine,  520, 
539 
Frog's  eggs,  membrane  of,  51 
Fructose.     See  La^vuloso. 
Fruit-sugar.     See  T.a^vulose. 
Fundus  glands.  295.  307 
Fungi,  glycogen  therein,  245 
Fumaric  acid,  23 
Furfuracrvluric  acid.  545 
Furfurol  from  pentoses,  90 

,  relation  to  proteid  reactions,  31 
,  relation    to    Pettenkofer's   bile- 
acid  tests,  263 
,  reagent  for  urea,  473 
,  l>eha\'ior  in  the  animal  body,  545 
Fuscin,  416 

Galac tonic  acid,  98 
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H          GalacUm,  85.  97.  101,  444 

Globan.  34                                          ^^^H 

^^^H                      ,  from  cerobrinH.  410,  411 

Globin,  49,  165                                             ^^ 

^^^H                    ,  relation  to  fonuatioii  of  glvco* 

GJobidins,  26                                                       ■ 

^^^                          getu  25<} 

t  general  characteristics,  33          ^^^ 

^m          OalartoBamine,  5<J,  9S 

in  uniic,  550                               ^H 

^H           Galartosidet*,  bl 

,  in  protoplasm,  117                      ^^M 

^M          Oallacetopheiion,  belia%ior  in  the  animal 

.   See  also  the  different  globulins,       1 

H                body,  545 

Globuloses,  39                                                     J 

^m          Giillic  arxil,  behavior  in  the  animal  body, 

Glucalnuin,  65                                               ^^H 

H                511,545 

Gluca^e,  155.  2F9,  292                                  ^H 

^m          Oallois'si  mot^itc  t^-«t,  387 

Glucocyanhydrin,  85                                    ^^H 

^m           Galto^,  hi 

Glucoheptose,  .^5                                          ^^1 

^H           Gas,  excliange  of,  in  various  a^a.  652,  653  ' 

Gluconic  acid,  M,  92                                    ^^H 

^m                 ,  ex i4 lan ^c  of ,  1 1 1 ro ngl i  the  ski u .  50<i 

Glucosamine.  51,  >6,  98,  99,  5Sd                ^H 

^^^^            ,  cxctiiioge  of,  hi  starvalioii,  629.  030 

from  chitin,  5'9                   ^^H 

^^^K          ,  exchange  of,  in  varion.s  eonditiona  of 

from   prulcins,    23,  50«  53,       1 

^^^                the  body,  399,  a'30,  mZ.  652,  f>56 

424,  429,  432                      J 

^^^^            ,  exclmnRe  of.  in  tiie  muscles,  395,  390 

Gluconudeoproteids,  57                              ^^B 

Glucoproteids.  26,51—55,  118,  430          t^M 

^M                  f  exeliange  of,  aUslmerire  value  of,  632 

H          Oaaea  of  tlie  blood,  59H~603 

, relation    to    formatioii   w^l 

^m                     of  tlie  intestine,  336 

glycogen,  250                         1 

H                      of  tlie  bile,  277.  6(13 

Glucoprotcose,  43                                              J 

^m                      of  the  urine,  536,  604 

Glucosaminic  acid,  87                                        I 

^B                     of  the  hen^s  ei^.  ^133,  434 

Glucosan,  92                                                ^J 

H                       of  the  lymph.  603 

Glucoae.     See  Dextrofie.                            ^^H 

^H                       of  the  milk,  44.K.  453 

Glucosides,  14,  .S7,  91                                  ^^1 

^m                      of  the  muscles,  392,  395 

GlncoRKxiine,  ^5                                           ^^H 

^m                      of  thf  tmnsudates,  219,  604 

Glucoron,  100                                                 ^^H 

^M          Caatric  contends.     Sec  Chyme, 

Glucothtonic  acid.  232,  361                           ^^ 

^H           Gaistric  fistula,  295 

Glucuronic  acid,  99,  100                                      1 

^M          Craat ric  juice,  2?J5 

,  relation  to  formation  of       1 

^H                                ,  composition  of,  298 

glycogen,  248                      I 

^1                                  ,  secretion  of,  2*16,  297,  30S 

,  conjugated,  99                  ^J 

^H                                ,  estimation  of  acidity  of,  315, 

in  bkxNi,  154                    ^^H 

H                                      316 

in  Inlc,  262,  274               ^M 

^H                                 ,  relation  to  inlcatinal  putrc* 

in   urine.  521,  522,   541,      1 

^H                                         facHon,  311,  340 

546,  572                                1 

^H                                  ,  artificial,  264 

Glutamic  acid,  21 .  24,  CO,  61 ,  71                      J 

H                                   ,  act  inn  of,  3<M}^308,  30S— 

Gluteines,  63                                                          ■ 

H                                       313.442.443.451 

Gluten  c^i^nn,  81                                           ^^m 

^1           Gastric  lipase.  306 

Gluten  protcina,  81                                     ^^M 

^H           Gastric  mucosa,  295 

Glutin.     See  Gelatine.                                 ^^H 

H          Gelatine,  19,  20,  62,  m 

Glutin  ppptoTies,  45,  63                               ^^H 

^H                        ,  relation  to  glycogen  formation » 

Ghjtokvrin,  45                                             ^^H 

H                              247 

Glutolih,  132                                                 ^H 

^H                         ,  putrefactkin  of.  334 

Glutose,  87                                                    ^H 

^H                          ,  nutritive  value  of,  643,  644 

Glyi^rine  aldehyde,  ^ 

^H                          ,  Ix^havior  with  gastric  juire.  304 

Glycerine,  relation  to  formation  of  glyco- 

^H                         ,  behavior  with  pancreatic  juice. 

gen,  247 

■                                330 

Glvcerophosphoric  acid,  120,  209,  232, 237, 

^m          Gelatine  and  the  detection  of  trypsin,  290 

274 

^B          Gelatine-fonning  substances.     See  CoUa- 

Glveerophosphnric  acid  in  mine,  521,  SSS 

^1              gen. 

Glvceroses.  92 

^H           Gelatine  peptones,  45,  63 

Glycin.     See  GlycocolL                                ^^M 

^H           Gelatine  sn^ar     8eeGlycocoll, 

GlVcoch oleic  acid,  264                                 ^^H 

^H           Gelatinous  tissues,  359 

Glycocholic  acid,  262,  264          ^                ^ 

^1           Gclutoses,  r>3 

,  occurrence      in      cicr^ 

^H                         ,  relation  to  blood  coa^lation. 

ments,  337 

■                                143 

,  occurrenee  in  bile  fn^m 

^H          Generation,  ore^ans  of,  419—436 

various  animals,  276 

^m          Gentbie  acid,  512 

,  ahsfirption  of,  336 

^B                               ,  beha\nor  in  the  animal  body. 

,  behavior     to     intcstiniil 

H                                      .545 

putreiaction,  337 

^1          Gentiisic  aldehvde,  512 

Glvcocholatcs  from  rodents,  265 

^H        -Gerhardt'a  diacetic  acid  reaction,  576 

Gfycocoll,  66                                                h 
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GlycocoU,  relation  to  formation  of  uric 
acid,  484,  488 
,  relation  to  formation  of  urea, 

469,540 
,  synthesis  with  glycocoll,  2,  600, 
543 

Glycogen,  15,  244—254 

,  origin  of,  247—255 

,  relation  to  muscular  activity, 

387,395 
,  relation  to  muscle  rigor,  294 
,  occurrence  in  sputimi,  615 
,  occurrence  in  leucocytes,  186 
,  occurrence  in  the  lungs,  614 
,  occurrence  in  the  lymph,  212 
,  occurrence  in  protoplasm,  117, 
123,  186,  227 

Olyoolysis,  154,  259,  331 

Glycolytic  enzyme,  154,  331 

Glycosuria,  254—259 

,  alimentary,  255,  350 

Glycosuric  add,  512 

Glycyialanin,  25,  45 

Glycylalanin  anhydride,  25 

Glycylglycin,  25 

Glyoxyl  diureid.     See  AUantoin. 

Glyoxylic  acid,  as  reagent,  31 

Gmelin's  test  for  bile-pigments,  271 

test  for  bile-pigments  in  urine, 
559 

Goat's  milk,  449,  450 

Gold  equivalent  of  the  proteids,  28 

Goose-fat,  absorption  of,  354 

Gorgonin,  65 

Gout,  elimination  of  uric  acid  in,  485,  486 

Graafian  follicles,  422 

Grape-moles,  435 

Grape-sugar.     See  Dextrose. 

Guaiacum  blood  test,  555 

Guanine,  131,  133 

in  urine,  494 

Guanine  gout,  134 

Guano,  133,  134,  485 

Guano-bile  acids,  265 

Guanovulit,  433 

Guanylic  acid,  127,  128 

Gulonic  acid  lacton,  99 

Gulose,  91,  96 

Gums,  various,  105,  106 
,  animal,  52 
,  animal,  in  urine,  521 

Gunning-Lieben's  acetone  reaction,  675 

Gunzberg's  reagent  for  free  HCl,  314 

Hsemaggluti  nation,  163 

Haemataerometer,  608 

Haematin,  175,  176 

,  relation  to  bilirubin,  270 
,  relation  to  urobilin,  616 

Htematinogen,  181 

Haematinometer,  182 

Hsematinic  acids,  177 

Hsematinic  acid  amide,  177,  270 

Hiematochlorin,  435 

Hrematocrit,  199 


Hspmatogen,  427,  433 
Hsemato^lobulin.    See  Oxyhsemoglobin. 
Hsmatoidin,  181 

,  relation   to   bilirubin,    181, 

269,  270,  280 
,  occurrence  in  sputum,  615 
,  occurrence  in  corpora  lutea, 

422 
,  occurrence    in    excrements, 

342 
,  occurrence  in  sediments,  583 
Hsematoporph3rrin,  179 

,  relation  to   bilirubin, 

180,  270 
,  relation    to    urobilin, 

180,  516 
,  occurrence    in    urine, 

514,556 
,  occurrence    in    lower 
animals,  592 
Hsematoscope,  183 
Hematuria,  554 
Hsemerythrin,  184 
Hsemin,  178 

Hsemin  crystals,  178,  556 
Hsemochromogen,  165,  176, 176 

,  occurrence  in  musdes, 
382 
Hsemocyanin,  184 
Hffimoglobin,  26,  50,  170 

,  composition  of.  166 

,  properties  and  behavior,  170 

,  quantity     in     blood,     166, 

203—208 
,  quantitative        estimation, 

182,  183 
,  See    also    oxyhsemoglobin 
and  the  combinations  of 
hipmoglobin    with    other 


Haemoglobinuria,  555 
Haemolysis,  162 
Hsemolysins,  156,  162 
Hffmometer.  183 
HaBmop)rrrol,  165 
Haemorrhodin,  174 
HsDmoverdin,  174 
Haser's  coefficient,  537 
Hair,  6S,  5S8 

.  picmients  of,  592 
Hair-balls,  344 
Half-rotation,  88 
Hammarsten's  reaction  for  bOe-piffments. 

271,  559 
Haptogen-membrane,  439 
Heat,  action  of,  on  metabolism.  652,  657 

of  combustion  of  various  foodstuffs, 
624—628 
,  loss  of.  through  the  skin,  597,  657 

Ijenerated  in  plants,  2 
Helicoprot<*id.  55 
Heller's  albumin  test,  30 
Tx  „       albumin  test  applied  to  urine,  548 
Heller-Teichmann's  blood  test,  656 
Hemicelluloses,  107 
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^H            Kjeldahl's  method  of  determining  mtro- 

Lead  in  the  blood,  201                             ^H 

^H                ^Ur  475 

in  the  liver,  244                                ^^B 

^H             KnappVsritmtioti  method,  56S 

,  pajasage  of,  into  milk,  459              ^^1 

^H             Krjw-joiiit  cartilage,  364 

LecHhalbiimins,  35,  295                              '    ^ 

^H             KnH|>-Hufiier'8   method  for  det^rminiiig 

,  relation    to   secretion  of       ■ 

^H                   urm,  4'0 

gastric  juice,  295                1 

^H             KopiTJsterm,  2^M,  341 

,  relation    to   afM:rettoQ  of       1 

^1             Kiiri)>'^.  445,  U9 

urine,  463                            1 

^H             Kyt'i^tf^iii,  5^3 

Lecithin.  120                                                   ■ 

^H             Kyourenii-  ucld,  511,  513>  526 

in  milk,  440,  452                              M 

^H             Kyhn,  45 

in  tlie  liver,  242                         ^^B 

,  importance  for  cells,  637           ^^H 

H             Laborer,  diet  of,  6,59-665 

,  putrefaction  of,  122,  337           ^^H 

^H             Lac  case,  7 

Leeal's  acetone  reaction,  575                   ^^H 

^^_       LactalbmtiiD.  26,  343,  3M 

Lemolic  acid,  108                                        ^^B 

^^H      Laetaae,  31H,  349 

Lens  (dee  Crv^stalline  lens),  416               ^^H 

^^^r      Lactates.     See  Lactic  acids,  also  390 

,  capsule  of,  .33,  416,  417                   ^H 

^            Lactic-acid  fennentwtion,  88, 94,  3 12,  3 1 3 , 

,  fiblres  of,  417                                    ^H 

^K                                            ssi^a-^a,  3^, 

Leo's  sugar,  570                                        ^^B 

^^^                                                    438,  445 

Lepidoporplnrin,  593                                ^^H 

^^^B                                                in  intiistine,  33 1 , 

Lepidotic  acid,  593                                     ^^^H 

^^H 

Lethal,  115                                               ^ 

^^^M                                               in  stomach,  312, 

Leucaemia,  blood,  131,  208,  209 

^^^ 

,  uric  acid,  elimination  in,  234, 

H                                                        in  milk,  43S,  445 

4S5.  4.^6 

^^_      Lactic  acide,  438—44 1 

,  xanthine  bodies  in,   131,  208, 

^^^K                             in  intestine,  331 ,  333 

494 

^^^H                             in  urine,  388,  4>fkH,  521 

Leucm,  68—70 

^^^H                             in  hoT^es,  369 

,  relation  t-o  formation  of  uric  acid, 

^^H_                           in  stomach,   298,  314,  315, 

488 

^^^^^                        316 

,  relation  to  formation  of  su^r,  251 

^^^^^^B                 ,  relfttion  to  fommtion  of  uric 

,  relation  to  formation  of  urea,  469, 

^^^^^H 

539 

^^^^^^^B                  .    See  also  Paralact  le  and  Fer* 

,  preparation.  69,  70 

^^^^^^^~                           mentation  lactic  acids. 

,  passage  of,  into  urine,  579 

,  >ehavior  in  the  animal  body,  261^ 

^^f            Lacto-caramel.  445 

^H              Laeto-glnhulin,  443 

469,  539 

^V             Lactones  of  varieties  of  stjgarSj  84 

Lencin  elhyle.Hter.  70 

^B              Lai'topliosphocariiic  acid,  444 

Leucinic  acid,  69 

^H              Lartnprcjtein,  444 

Leucinimid,  70 

^m             Liwlotte.     See  Milk-sugar,  103,  444 

Ixjucocyte^.  relation  to  absorption,  347 

^H             La?volfictic  ucid»  3HX 

,  relation  to  formation  of  uric 

H             LsDVulose,  ,S4,  S6.  9! ,  92,  96,  97 

a(4d,  4S7 

^H                                 in  urine,  570 

in  thymus  gland,  229,  231 

^H                                 in  hlood,  154 

Leueomaines,  17                                       ^^B 

^K                              relation  to  glveogen  formation, 

in  urine,  526                       ^^H 

^^^^H                     250 

in  muscles,  386                    ^^H 

^^^^^^1             ,  aliBorption  of,  349,  3^ 

Leuconudein,  192,  229                               ^^B 

^                    ,  beliavior  in  diabetics,  256 

I^vulinic  acid,  52,  90,  444                        ^^B 

^F                                in  transudations,  220 

Lie  hen  in,  105                                               ^^H 

^m             Lipvuloaemothyl  phenyl osaaone,  97 

Lieben's  acetone  reaction,  575                  ^^| 

■              Laiose,  570 

Liel>erkiihn*s  alkali-albuminate,  35          ^^H 

^1              Lake  color  of  blond,  189 

glands,  317                           ^^B 

^B             Lunoceric  acid.  5fH 

Liebemiann's  reaction  for  proteids,  31            B 

^B              Lanolin,  2''5 

J/u^bennanfi-Burchard's  reliction  for  cho-     1 

^K             Lanopalmitie  acid,  594 

lesterin,  284                                                       ■ 

^H              LanufTo  hair,  435 

Liebig's  titration  method  for  e^imating     1 

^^^_^       Lard,  absorption  of,  354 

urea,  476—478                                       ^^M 

^^^H      Lari^c  inleatine,  extirpation  of,  357 

Ti  POO  proteases,  232                                     ^^^| 

^^^B                                ,  secretion  of,  319 

Li^amentuni  nuchas,  59,  359                     ^^H 

^V            l^tebra,  426 

Lt^nin,  107                                                  ^^H 

^B            Layric  acid,  ION 

Linoleic  acid,  10%  112                                ^^B 

^B                                  in  butter,  440 

LinBeed-oil,  feeding  with,  371,  458           ^^B 

^H                                   in  f!}iermaceti.  115 

Lion's  urine,  485                                          ^^H 

^B             Lead  colic,  elimhiation  of  urobilin  h\,  517 

Li  pan  in,  ab^rption  of,  354                      ^^H 
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Indican  test,  Obermeyer's,  503 
Indican,  urine,  507 — 50S 

,  elimination   in  starvation,  337, 

507 
,  elimination  in  disease,  507 
Indigo,  507 

in  sweat,  596 
in  urinary  sediments,  583 
Indigo  blue,  335.'  507,  514 
Indol,  properties,  335 

,  formation  from  protcid,  21,  22,  23 
,  formation  in  putrefaction,  334,  335, 

503,  507,  510 
,  formation  from  melanins,  592 
Indophenol  blue,  8 
Indoxyl,  335.  507 

Indoxyl-glucuronic  acid.  507,  509,  522 
Indoxyl  red,  50S 
Indoxvl-sulphuric  acid.  507,  503 
Inosimc  acid,  12S,  3s3,  3X6 
Inosite,  properties  and   occurrence,   386, 
3  7 
,  in  urine,  573 

,  relation  to  formation  of  glycogen, 
245 
Integral  factor,  490 
Intestinal  calculi,  343 
Intestinal  contents,  331—340 
Intestinal  fistula,  317 
Intestinal  gases,  334,  336 
Intestinal  juice,  316—319 

enzymes  of,  318,  321,  322 
Intestinal  mucosa,  316 
Intestine,  putrefactive  processes  in,  333 — 
340,  501.  503.  507 
,  reaction  in,  333,  340 
,  absorption  in.  339,  344—357 
.  digestive  processes  in,  331—^4 
Intracellular  enzyme  action,  11 
Inulin,  104 

,  relation  to  formation  of  glycogen, 
247 
Inversion,  101,  31S,  349 
Invcrtases,  13.  14,  102,  318,  349 
Invert-sugar.  101 

Iodides  and  secretion  of  gastric  juice,  307 
Iodine  equivalent,  114 
Iodine,  passage  of,  into  milk,  459 
,  passage  of,  into  sweat,  596 
,  passage  of,  into  saliva,  293 
Iodized  pmteids,  22.  65,  66,  234 
Iodized  fats.  372,  45  i 
lodo-cholalic  acid  compound,  266 
Iodoform,  behavior  in  the  animal  body, 
510 
test,  Gunning's.  575 
test,  Lielwn's,  575 
lodogorgonic  acid,  65 
lodoha'niatin,  179 
lodospongin.  65 
lodothvreoglobulin.  234 
lodothvrin.  231,  '234.  236 
Ion  action.  2S.  140.  141.  164 

in  blood-senim,  157 
in  glands,  231,  234 


Iron  in  blood,  156,  201 

in    blood-pigments,    166,  176,    179, 
182,  280 

in  bile,  262,  274,  280 

in  hair,  5^,  592 

in  urine,  535 

in  the  liver,  240,  242,  243,  281 

in  mUk,  448,  455,  459 

in  the  spleen,  232,  233 

in  muscles,  391,  402 

in  new-l>om,  233,  243,  455 

in  protein  substances,  8,  18,  34,  125, 
232,  241,  281 

in  cells,  140 

,  elimination  of,  274,  281,  294,  535 

and  blood  formation,  427 

and  bile  formation,  280 

,  absorption  of,  206,  207 
Iron  salts,  elimination  by  the  urine,  535 
,  action  on  the  blood,  207 
,  absorption  of,  207 
Iron  starvation,  637 
Ischuria  in  cholera,  597 
Isobilianic  acid,  266 
Isocholanic  acid,  267 
Isocasein,  441 
Isocholesterin,  284,  285 

in  vemix  caseosa,  593 
Isocreatinine,  384 
Isodvnamic  law,  626 
Isoglucosamine,  86 
Isomaltose,  102,  291,  325 
in  urine,  521 
Isosaccharin,    relation    to    formation    of 

glycogen,  248 
Isotonic  solutions,  162 
Isotropous  substance,  376 
Ivory,  370 

Jaflf6'8  indican  test,  508 

creatinine,  483 
Janthinin,  593 
Japanese,  nutrition  of,  660 
Jauue  indien,  100 
Jecorin,  123,  232,  242 

,  in  blood,  154 
Jeouirity  bean,  17 
Jolles's  reaction  for  bile-pigments,  660 

Kephir,  445,  449 

,  anti-putrefactive  action,  338 

Kerasin,  40^,  409,  410 

Keratose,  58 

Keratins,  26,  r)7,  5S.  59 

,  beliavior  in  the  stomach,  304 
,  behavior  with  pancreatic  juice, 
330 

Ketones,  behavior  in  the  animal  bodv,  541 

Ketoses,  84,  97 

Kidneys,  461.  462 

,  Halation  to  formation  of  urea.  472 
,  relation  to  formation  of  hippuric 
acid,  501 

Kinases,  321 


^^^Plp                                                      ^^^^^^^H 

^H          Kjeldahl's  method  of  detenmnmg  nitio- 

Lead  in  the  blood,  201                       ^^^^| 

^H               ^n.  475 

in  the  liver,  244                           ^^^^^H 

^H            Kiiapp's  titratioQ  metliod,  568 

,  passage  of,  into  tnilk,  459                 W^H 

^^H           Krtee-jumt  eartilai^,  364 

Lecithalbumins,  35.  295                               ^^^B 

^H           Kiiop-HufTier's  tnethod  for  detennming 

,  relation    to   secretioD    of       H 

^^B                urea,  4^0 

gatftric  juice,  205                  ■ 

^^B           Koprosterin,  2SA,  Ml 

,  relation    to  aecretioQ    of       H 

^M            KmuysB.  445.  449 

urine,  463                               H 

^^B           Kyt^alem,  5^3 

Lecithin,  120                                                      fl 

^H           KWiurenic  acid,  511,  513,  526 

in  niOk,  440,  452                                ^M 

^^1           Kyrin,  45 

in  the  liver,  242                             ^^H 

,  importance  for  cells,  637              ^^^H 

^H           Laborer,  diet  of,  659-665                               ' 

,  putrefaction  of,  122,  337              ^^H 

^H           Laccase,  7 

L^^Fa  acetone  reaclion,  575                       ^^^1 

^m           Lactalbiirain,  26.  343,  344 

Lemolie  acid,  108                                           ^^^H 

^H            Lactase,  318,  349 

Lens  (dee  Cn^stalline  lenft),  416                   ^^H 

^H           Lactates.     See  Lactic  acids,  also  390 

,  capsule  of,  53,  416,  417                      ^^M 

^H           Lactic-acid  fermentation,  88,  94, 312, 313, 

,  fibit^  of,  417                                        ^^M 

^M                                                           331,333,388, 

Leo's  sugar,  570                                            ^^^^H 

^^^H                                                       43H,  445 

Lepido[x>rpliyrin,  593                                   ^^^H 

^^^^1                                                  in  intestine, 331, 

Lepidoiic  acid,  593                                        ^^^H 

^^^B                                                    333 

Lethal,  115                                                       ^^M 

^^^B                                            in  stomach,  312, 

Leuca-mia,  blood,  131,  208.  209                           ■ 

^^^r 

1                    ,  uric  acid,  elimination  m,  234«,^^H 

^                                                    in  milk.  438, 445 

4f  5,  4f6                                 ^^H 

^■^    Lactic  acids,  438-^41 

,  xanthine  bodies  in,   131,   20ft^^^H 

^^^K                          in  intestine,  33  L  333 

^^H 

^^^H                          in  urine,  3HH,  488,  521 

Leucin,  68^70                                              ^^H 

^^^^H                                Ixme^,  369 

,  relation  to  fortuation  of  uric  acid*  ^^H 

^^^H                          in  stomach,   298,  314,   315, 

488                                                         ■ 

^^^B 

,  relation  to  formation  of  sugar,  251        H 

^^^^H                     ,  relAtiein  to  formation  of  uric 

,  relation  to  formation  of  urea,  409,       H 

^^^H                            acid.  4HH 

539                                                ^B 

^^^^m                        ,    See  ii\m>  Fa  ml  art  ic  and  Fer- 

,  preparation,  69,  70                          ^^^H 

^^^^H                                 metitafion  lactic  acids. 

,  passage  of,  into  urine,  579              ^^^H 
,  behavior  in  the  annual  body,  251,^      ^B 

469,  539                                                S 

^r^^SSS^:At 

^^F         Lactones  of  varieties  of  sugars,  84 

Leucin  ethylester,  70                                   ^^^1 

^^B           Lactopliosphocarnic  acid,  444 

Leuc'inic  acid.  09                                           ^^^1 

^^B           Latnri protein,  444 

Leucin im id,  70                                               ^^^B 

^H           Lacl/ise.     St^i  Milk-^gar,  103,  444 

Leucocytes,  relation  to  absorption,  347        ^fl 

^H           Laevohictic  acid,  3SH 

,  relation  to  fonnatioQ  of  uric      ^1 

^m           LiEVtilose.  .84,  S6,  9U  92,  96,  07 

acid,  4^7                                       ■ 

^^^^                       in  urine,  570 

in  tbvmus  gland,  229,  231       ^^H 

^^^^                      in  blood,  154 

Leucomaines,  17                                          ^^^H 

^^^^H                    relation  U>  glycogen  foramtion, 

in  urine.  526                         ^^H 

^^H 

in  mUM^Jee,  3^6                      ^^^H 

^^^^H                  1  absorption  of.  349,  350 

I^uconuclein,  192,  229                                 ^^^| 

^^^^™^                   ,  beha\ior  in  diabpticF,  25Q 

Levidinir  acid,  52,  90,  444                           ^^H 

^^B                              in  traiiHiidattoriH,  220 

Lirlienin,  105                                                  ^^^^H 

^H           Lff\^losemethyl  phenyl osazone,  97 

Liel3en'&  acetone  reaction,  575                    ^^^| 

^H             Lainsc,  570 

Lieberkuhn's  alkali -albuminate,  35            ^^^| 

^m            Lake  cnkir  of  blood,  189 

glands,  3 1 7                              ^^^1 

^H            Lanoceric  acid.  594 

Lidbennann's  reaction  for  proteids,  31        ^^B 

^H            Uifiohn,  2'^5 

Liebermanrj-Burclmrd's  reaction  for  cho-      H 

^^B           I>anopalmitic  acid,  504 

le^terin,  284                                                        ■ 

^^B           Lanugo  hair,  435 

Liebig'8  titration  method  for  estitn&ttn^       ■ 

^^B           Lard,  absorption  of,  354 

urea,  476— 178                                        ^^^^H 

^^B           Lar^e  intestine,  extirfiatton  of,  357 

Lienoproteases,  232                                        ^^^H 

^^B                                       ,  secretion  of,  310 

Ligament  urn  nucha*,  50,  359                       ^^^| 

^H           Latebm,  426 

Lixnin,  107                                                        ^^^| 

^H           Laurie  acid,  10^ 

Liiiolcic  ftctd,  10<^,  112                                   ^^H 

^H                                 in  bijtttfr.  440 

Linse4*d-oil,  feeding  with,  371,  458             ^^^H 

^^B                                 in  ^pennareti,  115 

r,ion\s  urine,  485                                            ^^^H 

^^B           Lead  colic,  eliminaiion  of  urobilin  in,  517 

Lifmnin,  ab«oq)tion  of,  354                          ^^^H 
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Lipase,  14 

in  blood,  155 
in  stomach,  306 
in  pancreatic  juice,  325 
in  milk,  444 
Lipiawsky's  acetoacetic  acid  reaction,  577 
Lipochromes,  156,  428 
Lipoids,  120 
Lipuria,  579 
Lithium  in  blood,  201 
Lithium  lactate,  390 
Lithium  urate,  491 
Lithobilic  acid,  344 
Lithofellic  acid,  26S,  344 
Lithuric  acid,  526 
Liver,  239—244 

,  relation  to  coagulation  of  blood,  197 
,  relation  to  formation  of  uric  acid, 

487,  4S8 
,  relation  to  formation  of  urea,  469, 

470,  471,  472 
,  blood  of,  203,  252,  253 
,  proteids  of,  240 
,  fat  of,  241 

,  quantity  of  sugar  in,  253 
Liver  atrophy,  acute  yellow,  277,  579 

,  elimination  of  ammonia  in, 

472 
,  elimination  of  urea  in,  472 
,  elimination  of  leucin  and 

ty rosin  in,  579 
,  elimination  of  lactic  acid 
in,  3:^8,  521 
Liver  cirrhosis,  ascitic  fluid  in,  224 

,  action  of,  on  the  elimina- 
tion of    ammonia   and 
urea,  472 
Liver  extirpation,  elimination  of  ammonia 
with,  472,  4S7 
,  elimination  of  uric  acid 

with,  4S7  * 
,  elimination     of     lactic 
acids  with,  388,  487, 
521 
,  action  on  formation  of 
bUe,  278 
Lotahiston,  49 
Lung  catheter,  608 
Lungs.  614,  615 
Lutems,  156,  42S 

in  corpora  lutea,  181,  422 
f  egg-yolk,  42S 
in  serum,  156 
,  relation  to  hsematoidin,  181, 428 
Lymph,  211—217 
Lymphagogues,  215 
Lymphatic  glands,  229 
Lymph-cells,  quantitative  composition  of, 
231 
.    See  also  Leucoc3rte8. 
Lymph-fibrinogen.    See  Tissue-fibiinogen. 
Lysaoinic  acid,  37 
Lysatin  and  lysatinin,  79 
Lysin,  48,  78,  79 
Lysins,  17    . 


Lysuric  acid,  79 

Mackerel,  flesh  of,  403 

,  sperm  of,  47,  49 
Madder,  feeding  with,  368 
Magnesium  in  urine,  529,  535,  538 
in  bones,  366,  370 
m  muscles,  391,  402,  404 
.    See  also  various  tissues  and 
fluids. 
Magnesium  phosphate  in  intestinal  calculi, 
443 
in  urine,  529,  535 
in  urinary  calculi, 

534,535 
in     urinary     sedi- 
ments, 5S2,  583 
in  bones,  366,  370 
Magnesium  soaps  in  excrements,  341 
Malic  acid,  behavior  in  the  animal  body, 

539 
Maltase,  14.  318 
Maltodextrin,  105 
Maltoglucase,  14,  155 
Maltose,  102 

,  formation  from  starch,  102,  104 

291,325 
,  absorption  of,  349,  350 
,  relation  to  glycogen  formation,  • 
250 
in  intestine,  332,  349.  350 
,  occurrence  in  urine,  572 
Mammary  glands.  437,  457 
Mandelic  acid,  513 
Man  in  poorhouse,  diet  of,  664 
Mannite.  85 

,  relation  to  formation  of  glycogen, 
247 
in  unne,  526 
Mannonic  acid.  92 
Mannose.  88,91,92,96 
Mare's  milk,  449,  450 
Margarine  and  margaric  acid.  111 
Marsh-gas,  formation  in  putrefaction,  21, 

334,336 
Maschke's  creatinine  reaction,  482 
Meat  extracts,  action  on  secretion  of  \ 

trie  juice,  298 
Meat,  utilization  in  intestinal  tract,  348 
,  calorific  value  of.  627,  628 
,  digestibility  of,  310 
,  composition  of,  373,  401-404 
See  also  Muscles. 
Meconium,  342 
Medulla  oblongata,  412 
Melanins,591.592 

in  the  eye,  416 
in  the  urine,  557 
Melanogen  in  the  urine,  557 
Melanoidic  acid,  591 
Melanoidins.  19,  21,  23.  592 
Melanotic  sarcoma,  pigment  of,  591 
Melissyl  alcohol,  115 
Membranines,  53,  364,  416 
Menstrual  blood.  204 
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Menthol,  b^iavior  in  the  aidmal  boctsr»  546 
Mercaptan,  from  proteins,  21,  24,  58 
Mercapttiric  acid,  76, 546 
Mercury  salts,  passage  of,  into  milk,  450 
,  passage  of,  in  sweat,  596 
,  action  on  ptyaUn,  292 
,  action  on  tiypein,  329 
Mesitylene,  bttiavior  in  the  animal  body, 

543 
Mesitylenic  add,  543 
Mesopoiphyrin,  180 

Metabolism,  dependence  of  external  tem- 
perature upon,  657 
in  various  aces,  654 
in  work  and  rest,  394—401, 

655—657 
in  different  sexes,  653 
in  starvation,  628—633 
with     different     foodstuffs, 

639—652 
in  sleep  and  waking,  657 
,  cslculation  of  extent  of,  621 — 
625,632 
Metalbumin,  423 
Metallic  soles,  15 
Metaphosphoric  add,  as  reagent  for  fno- 

teids,  30,  549 
Metaasym,  195 
Methaemoglobin,  171, 183 

in  urine,  555 
Methal,  115 
Methane,  formation  in  putrefaction,  21, 

334,336 
Methose,  92 
Methylenitan,  91 
Methyl  glycocoll.     See  Sarcosin. 
Methylguanidine,  384,  482 
Methylguanidin-acetic    acid.      See   Crea- 
tine. 
Methylhydantoic  acid,  540 
Methyl  indol.     See  Skatol. 
Methyl  mercaptan  in  proteids,  21,  334,  336 
Methyl  pentose.     See  Rhamnose. 
Methvl  pyridine,  behavior  in  the  animal 

body, 543 
Methvl-pyridyl-ammonium        hydroxide, 

517 
Methvluramine,  384,  482 
Methyl  xanthine,  131,  495 
Micrococcus  restituents,  346 
Micrococcus  urea%  581 
Micro-ors:anisms   in   intestinal  tract,    16, 

312,  333,  337,  341 
Milk,  437,  4(:0 

,  secretion  of,  457 

,  consumption  of,   in  intestine,  348, 

355,  451 
,  blue  or  red,  4^0 

,  anti-putrefactive  action  in  intestine, 
338.  .^04 
in  disease,  459 
,  passage  of  foreign  bodies  into,  459 
,  behavior  in  the  stomach,  309,  311, 

451 
.  See  also  different  varieties  of  milk. 


MOk-f  at,  440,  450 

.  formation  of,  453 
Milk-globules  frmn  cow's  milk,  439,  440 

from  human  milk,  450 
Milk-plasma,  440 
Milk-eugar,  103,  444 

,  relation  to  f onnatkm  of  |^j«> 

cogen,  247 
,  properties,  444, 445 
,  feimcstation,  438,  445,  449 
,  calorific  value  of,  025 
quantitative  estimatinn,  446w 
448 
,  absorption  of,  350 
,  passage  of,  into  urine,  280,570 
,  origin  of,  450 
MHlon's  leaflent.  30 

Ifinenl  ad^  aUuJi-iemoving  action  of, 
404,  534,  CKg,  635 
,  action  on  the  diminatioii 
<rf  ammonia,  464,  534 
Mineral  bodies,  dimination  in  8tarvataon» 
431,533 
,  insufficient  supply  of,  634, 

636 
,  behavior  in  the  organiaaiy 

139,140,634,635 
.  See  also  the  various  fluids, 
tissues,  and  iuices. 
Mixture  of  the  nitrogenous  substances  in 

the  urine,  46",  485,  4S6 
Modified  proteids,  29 
Molisch's  sugar  test,  95,  565 
Monamino  acids,  66 — 77 

,  behavior  in  animal  body, 
469,  539 
Monosaccharides,  ^\ — 9i9 
Moore's  sugar  test,  93 
Momer-Sj6q vistas  method    of    estimating 
urea,  479 
method    of    estimating 
acidity,  316 
Momer's     tyrosin     test,     73.     See     also 

Denigds. 
Monger's  reaction  for  acetoacetic  acid,  512 
Morphine,  passage  of,  into  urine,  522,  547 

,  passage  of,  into  milk,  459 
Mucic  acid,  9.«,  105,  444 

,  relation  to  fonuation  of  gly- 
cogen, 248 
Mucilages,  vegetable,  105 
Mucm,  26,  51—54 

in  sputum,  615 
in  cysts,  425 
in  urine,  525,  553 
in  salivary  glands,  286.  288 
Mucm-like  substances  in  bile,  262.  277 
in  urine,  525,  553 
in  kidneys,  462 
in    thyroid    gland, 

235 
in    synovial    fluid. 


Mucinogen,  51,  2^7 
Mucinoids.     See  Mucoids. 
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Mucin  peptone,  52,  304 
Mucoids,  26,  51,  53 

in  ascitic  fluids,  222 
in  the  vitreous  humor,  416 
in  the  cornea,  364 
in  connective  tissue,  358, 359,365 
in  the  hen's  egg,  431  • 

in  cvsts,  423,  424 
Mucous  glands,  52,  236,  295 
Mucous  membranes  of  the  stomach,  295 
Mucous  tissue,  359 
Mucus  of  the  bile,  262,  276 

of  the  urine,  462,  525,  554 
of  synovial  fluid,  225 
Mulberry  calculi,  585 
Murexici  test,  491 

Muscle,  coagulation  of,  377,  380,  381,  393, 
394,404 
,  permeability  of,  392 
Muscle-fibres,  376 
Muscle-pigments.  3S2 
Muscle-plasma,  377,  378 

,  coagulation  of,  378,  380, 
3S1,  382,  393,  394,  404 
Muscle  rigor,  393,  394 
Muscle-serum,  377 
Muscle-stroma,  3 SO 
Muscle-sugar,  3SS 
Muscle-syntonin,  330 
Muscles,  non-striated,  404 
,  striated,  376—404 
,  blood  of.  204,  395,  399 
,  chemical  processes  in  work  and 

rest,  394— 401,656 
,  chemical  processes  in  rigor,  393 
,  proteids  of,  377—333,  404 
,  extractives  of,  3B3— 393 
,  enzymes  of,  3  32 
,  pigments  of,  332 
,  fat  of,  391,  399,  403 
,  gases  of,  392,  395 
,  calorific  value  of,  625,  626,  627 
,  mineral  bodies  of,  391,  404 
,  amount  of  water  in,  403 
,  composition  of,  401 
Muscular  energy,  origin  of,  400,  401 
Musculamine,  385 

Muscular  force,  chemical  processes  in  mus- 
cles, 394—401 
,  action  of,  on  urine,  463, 

481,484,520 
,  action  of,  on  metabolism, 
395—401,  655—657 
Musculin,  379,  381,  403 
Mussels,  glycogen  of,  244 

,  muscles  of,  404 
Mutton-fat,  feeding  with,  371 

,  absorption  oif,  354,  355 
Myeline  forms,  405 
Myelines,  408 
Myoalbumin,  378,  380 
Mvogcn,  381,  3S2 
Mvogen  fibrin.  381,  ,393,  394 
Myoglobulin,  378,  380 
Myohaimatin,  382 


Myoproteid,  382 

Myosin,  24,  26,  373,  378,  379 

,  absorption  of,  345 
Myosin  ferment,  381,  382 
Myosin  fibrin,  379,  381 
Myosinogen,  381 
Myosinoses,  39 
Myricin,  115 
Myricyl  alcohol,  115 
Myristic  acid  in  animal  fat,  106 

in  butter,  440 

in  bile,  274 

in  wool-fat,  594 
Myxoedema,  235 
Myxoid  cysts,  422 

Nails,  57,  588 

Naphthalene,  action  on  urine,  547 

,  behaWor  in  the  animal  body, 
542,546 
Naphthol-glycuronic  acid,  547 
Naphthol,  reagent  for  sugar,  95,  565 

,  behavior  in  the  animal  body, 
522,547 
Narcotics,  relation  to  glycogen  formation, 

248 
Native  proteids,  29 
Navel  cord,  mucin  of,  51,  52,  361 
Negative  phase,  196 
Neossin,  53 
Nerves,  407,  408,  413 
Neuridine,  408,  412,  426 
Neurine,  120 

,  in  suprarenal  capsule,  237 
Neurochitin,  413 
Neuroglia,  407 
Neurokeratin,  57, 407, 413 
Neutral  fats.     See  Fats. 
Nitrates  in  the  urine,  533 
Nitric-oxide  haemoglobin,  174 
Nitrites,  behavior  in  the  animal  body,  540 
Nitro-benzaldehyde,  behavior  in  the  ani- 
mal body,  544 
Nitro-benzoic  acid,  544 
Nitro-benzyl  alcohol,  546 
Nitro-cellulose,  107 
Nitro-hippuric  acid,  544 
Nitro-phenyl-propiolic   acid,  reagent   for 

sugar,  82, 
565 
,  behavior  in 
the  animal 
body,  507, 
509 
Nitro-toluene,    behavior    in    the    animal 

body,  546 
Nitrogen,  combined,  amount  of,  in  intesti- 
nal      evacuations, 
618 
,  in  meat,  403,  620 
,  in  urine,  468 
,  estimation       of,    in 
urine,  475 — ^80 
Nitrogen  elimination  in  work   and    rest, 
396,  39&,^^^^^^ 
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feyHieimfto%tlgi 

61S 
by  the  urifto,  468. 

530.582,(»8-«IO 
l^    die    eimkfmiBi 

619 
by  the  sweat,  IS8d» 

619 
,  nlalionto  thadim- 

inatkNl  of  pllJ«Mh 

phorlo  mM^  636| 

,  leLatioQ  to  tlie  ellikH 
inatioa  of  eu^ 
^raric  add,  532, 

,  wlalkut  to  digeeti^ 
aettTity,»4,619, 
642 
mtrogen,  free,  In  blood.  fi9S 

,  fat  kitestnO)  386 
,  in  stomach,  30S 
,  in  secretionB,  6BS 
,  In  tnuMudaiions,  604 
,  m  urine,  536 
-  Nitrogen  in  the  protdd  molecule,  18, 19 
Nitrogenous  dencit,  619 
Nitrogenous  equilibrium,  619 

,  w  i  t  h     various 
foo  ds,  640, 
641,645,648 
Nitroeo-indol  nitrate,  335 
Non-striated  muacles,  404 
Norisosaccharic  acid,  98,  427 
Nubecula,  462,  581 
Nucleic  acids,  56,  57,  124,  125,  126—130 

in  the  urine,  554 
Nudein  bases,  130—137 

in  blood,  131.  156 
in  the  urine,  494 
Nudeins,  56.  125.  126 

,  relation    to    elimination    of   al- 

loxuric  bases,  494 
,  relation    to   formation    of   uric 

acid,  4«6,  4<27 
,  relation  to  elimination  of  P,0,, 

529.  530 
,  behavior  with  gastric  juice,  56, 

125.304 
,  behavior  with  pancreatic  juice, 
329 
Nuclein  plates,  186 
Nudeoalbumins,  26, 34, 117, 126 

in  the  bile,  262,  278 
in  the  urine,  553 
in  the  kidneys,  462 
in  protoplasm,  117 
in  transudates,  218,  221 
,  beha\4or  in  pepsin  diges- 
tion, 29,  34,  35,  126, 
443,  451 


NudeodnoofMrotdcli,  66 
NudeoBstcm,  48, 186.  229, 23D 

,  lelatieii  lo  coagalfttiQa  of 
blood,  192 
in  urine,  554 
NHoleopiiDteids,  26,  50,  56,  57, 124, 125 
m  the  tiver,  246 
In  gastric  juke,  298, 309 
In  Mood,  148 
in  bile,  278 

In  mammaiT  ^ands,  487 
in  muscles,  3tb,  404 
In  the  Iddneys,  402 
in  tlie  pancica^  124, 128^ 

32D 
m  protopkum,  118 
incellnudei»,118,124 
in  thyroid  i^and.  284 
in  thjrmus,  220 
,  behavior  In  pepsin  d|ns» 

tion,  56, 1^5, 804 
,  behavior  witii  paneiealie 
juice,  828 
NaeieeB^385 

in  milk,  444 
Nudeoein,  138 
Nutrition  requirements,  640 
of  mi 

Nylander's  reagent.    See  Almte-BOttgo's 
sugar  test. 

Obermeyer's  indican  test,  506 

OberroOlIer's  cholesterin  reaction,  284 

Odoriferous  bodies  in  the  urine,  547 

CEdema,  subcutaneous,  fluid  from,  225 

Oertel's  diet  cure,  665,  666 

(Esophageal  fistula,  296 

Oleic  acid,  112,  241 

Olein,  111 

Oligemia,  207 

Oligocythaemia,  207 

Oliguria,  537 

Olive  oil,  absorption  of,  354 

,  action  on  the  secretion  of  bile, 
261 

Onuphin,  53 

Oocyanin,  432 

Oorodein,  432 

Opalisin,  444,  452 

Opium,  450 

Optograms,  415 

Orcin  test,  90,  572 

Organic  acids,  behavior  in  the  animal  body, 

464,  534,  539 
Organized  proteids,  641,  642 
Organs,  loss  of  weight  in  starvation,  632 
Organs  of  generation,  419 — 436 
Omithin,  24,  78,  543.  545 
Omithuric  acid,  78,  543 
Orthonitrophenylpropiolic  acid.   See  Nitro 

phenylpropiolic  acid. 
Orylic  acid,  444 
Osaminic  acid,  86 
Osamines  of  varieties  of  sugar,  86 
Osazones,  86 
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Osmosis,  relation  to  absorption,  357 

,  relation    to   lymph     formation, 
216 
Osmotic  pressure  of  blood,  15S,  150 

of  urine,  465 
Osone,  86 
Ossein,  61,  365 
Osseoalbumoid,  365 
Osseomucoid,  52,  365 
Osteomalacia,  36S,  369 
Osteoporosis.    See  Osteosclerosis. 
Osteosderosis,  36  S 
Otoliths,  418 
Ovalbumin,  20,  23,  430 
Ovarian  cysts,  422,  425 
Ovaries,  422 
Ovoglobulin,  23,  429 
Ovomucoid,  53,  431 
Ovovitellin,  24,  26,  326 
Ovum,  426 — 436 
Oxalate  calculi,  5S5 
Oxalate  of  lime.    See  Calcium  oxalate. 
Oxalates,  action  on  blood  coagulation,  143, 

189 
Oxalic  acid,  origin,  20,  23,  498 

in  the  urine,  497,  582 
,  behavior  in  the  animal  body, 
498,  508,  539 
Oxalic  acid  diathesis,  498 
Oxaluria,  498 
Oxaluric  acid,  484,  497 
Oxamide,  21 

Oxidases,  7,  8,  13,  73,  155,  444 
Oxidation  ferment.     See  Oxidases. 
Oxidations,  1—9,  16S,  169,  256,  334,  375, 

470,  507,  516,  539,  542,  604 
Oximes,  85 
Oxonic  acid,  485 

Oxyacids,  formation  in  putrefaction,  22, 
334 
,  detection  of,  511 
,  passage  of,  in  urine,  334,  511 
in  the  sweat,  596 
Oxybenzoic  acid,  behavior  in  the  animal 

body,  443 
Oxybenzenes,  542 
Oxybutyric  acid,  577 

,  detection    and    estima- 
tion, 578 
in  the  blood,  603 
,  passage    of,    into     the 
urine,  534,  573,  574 
Oxyethylsulphonic  acid,  behavior  in  the 

animal  body,  541 
Oxyfatty  acids  in  animal  fat,  108 
Oxygen,  consumption,  607 

in  work  and  rest, 

395,  399 
in  starvation,  630, 

633 
by  the  skin,  596 
Oxygen,  activity  of,  3—9,  169 

in  the  blood.  599,  605—610 
in  the  intestine,  336 
in  the  lymph,  212,  603 


Oxygen  in  the  stomach,  308 

in    the     swimming-bladder    of 

fishes,  613 
in  secretions,  603,  604 
in  transudations,  604 
,  tension  of,  in  blood,  604 — 610 
,  lack  of,  action  on  proteid  destruc- 
tion, 389,  397,  46S 
,  lack  of,  action  on  elimination  of 

lactic  acid,  3C9,  521 
,  lack  of,  action  on  elimination  of 

sugar,  389 
,  capacity,  623 
Ox3rgen-carrierB,  7,  169 
Oxygen,  calorific  value  in  the  combustion 

of  different  foods,  623,  624 
Oxygen  consumption  in  the  blood,  171, 599 
Oxygenases,  8 
Oxyhaematin,  176 
Oxyhffimocyanin,  184 
Oxyhsemog^obin,  167 

,  dissociation  of,  167,  605 
,  properties  and  reactions, 

167—170 
,  quantity  of,  in  the  blood, 

165,  200,  203—207 
,  quantity  in  the  muscles, 

382 
f  passage  of,  into  the  urine, 

554 
,  behavior     with    gastric 

juice,  304 
,  behavior   with    trypsin, 
330 
Oxyhydroparacoumaric  acid,  511 
Oxymandelic  acid,  511,  513 
Oxynaphthalene,  542 
Oxyphenyl-acetic  acid,  72,  334,  511,  545 
Oxy  phenylaminopropionic     acid.     See 

Tyrosin. 
Oxyphenylethylamine,  21,  41 
Oxyphenylpropionic  acid,  22,  334,  511, 

Oxyproteic  acid  in  urine,  623,  524 
Oxyprotosulphonic  acid,  22,  23 
Oxypyrrolidmcarbonic  acid,  21,  24,  80 
Oxyquinoline,  546 
Oxyquinolincarbonic  acid,  511 
Ozone,  3 
Ozone  transmitter,  169 

Palmitic  acid,  111 
Palmitin,  111 
Pancreas,  319,  320 

,  relation  to  glycol3rsis,  155,  258, 

259,  321 
,  extirpation  of,  action  on  absorp- 
tion, 349,  355 
,  extirpation   of,   elimination   of 

sugar,  257,  258 
,  charge  of,  323 

,  change  during  secretion,  319, 
331 
Pancreatic  calculi,  331 
Pancreatic  diabetes,  257 
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Pancreatic  diastase,  324 
Fancrelktic  proteid,  125»  320 
Pancreatic  rennin,  330 
Pancreatic  casein,  330 
Pancreatic  juice,  320 

,  secretion  of,  321,  322 
,  eni^rmes  of,  321,  322 
,  action     on     foodstuffs, 

324—331,  351,  354 
,  action  upon  proteoses,  43 
Parabamic  add,  132,  484 
Paracasein,  442 
Parachymosin,  306 
ParacroBol,  formation  in  puti«faotioii,  384, 

504 
Paraglobulin.    See  Serglobulin. 
Paraglyoodiolic  acid,  2d5 
Paransemoglobin,  168 
Paralactic  add,  388 

,  relation  to  fcmnatlon  of 

uric  add,  488 
t  properties  and  oceunence, 

388 
y  formation  from  c^yoogen, 

389,394 
9  formation  in  osteomalada 

bones,  360 
,  formation  in  musde  dur- 
ing work,  396,  399 
f  formation  in  rigor  mortis, 

394 
t  formation  in  lack  of  oxy- 
gen, 389,  396,  521 
,  formation      in      animals 
witli  extirpated  livers, 
389,  521 
,  passage  of,  into  the  urine, 
397,  488,  521 
Paralbumin,  235,  424 
Paralytic  saliva,  287 
Paraminophenol,  542 
Paramucin,  424,  425 
Paramyosinogen.  379,  382 
Paranuclein.     See  Pseudonuclein. 
Paranucleic  acid,  443 
Paraoxyphenylacetic  acid,  72,  334,  511 
Paraoxyphen^lpropionic  acid,  22,  511 
Paraoxypropiophenone,  behavior  in   ani- 
mal body, 545 
Parapeptone.  303 
Paraxanthine,  131,  495 

in  urine,  494,  495 
Parietal  or  delomorphic  cells,  295,  307 
Parotid,  28G 
Parotid  saliva,  288 
Parovaria]  cysts,  422 
Pemphigus  chronicus,  224 
Penicillum  glaucum,  69 
Pentacrinin,  .593 

Pentamethylendiamine.     See  Cadaverin. 
Pentosanes.  89 
Pentoses,  89 

,  relation  to  glycogen  formation, 
89,  247 
in  urine.  89,  571 


PoitoMB  in  pancreas,  80 

in  nucleic  adds,  127 
in  nudeoprotdds,  M,  80»  241« 
437 
Pensddt,  aoet^e  reacticm,  576 
Pepdn,  299— 304 

,  preparation  of,  300 
,  nroperties,  300 

,  detection  in  gastric  contents,  313 
,  quantitative  estimaticm,  301,  302 
,  occurrence  in  tiie  urine,  856, 525 
9  occurrence  in  musdes,  383 
,  action  on  fnotdd,  300 
,  action  on  other  bodies^  904 
Pqidn  digestion,  300— 304 

,  products  of,  41,  42,  303 
Pepsin  c^ds,  295,  305,  307 
P^in  dutin  pep' one,  45 
Petmn-IiTdrociiloric  add,  304 
Pepsin-like  eniyme,  299 
Pepdnoc^,  295 
P^isin  peptones,  44 
P^Mnn  test,  301 
Pqytides,  25, 330 
P^itochondrin,  362 
FeptmuB,  20,  21,  26,  29,  37-47 
in  putrefaction,  21, 334 
in    pepsin    digesticm,   37—47, 


in  trjmsin  digestion,  37—47 
,  assimilation  of,  344—3^ 
,  preparation,  46 
,  absorption  of,  344,  345 
,  passage  of,  into  urine,  346,  551 
,  action  on  the  secretion  of  gas- 
tric juice,  297 
Peptone-plasma,  143,  191 

,  carbon-dioxide    tension, 
611 
Peptonuria,  551 
Peptozym,  197 
Percaglobulin,  433 
Pericardial  fluid,  218,  220 
Perilymph,  418 
Peritoneal  fluid,  218,  221 
Permeability  of  the  blood-corpuscles,  164 
Peroxides  in  the  cells,  6 

,  decomposition  by  catalyses,  6, 7 
Peroxidases,  8 
Peroxyproteic  acid,  23,  524 
Perspiratio  insensibilis,  618 
Perspiration,  594 — 596 
Pettenkofer's  test  for  bile-adds,  112,  263, 
558 
respiration  apparatus,  613 
Phacozymase,  417 
Phaseomannite,  386 
Phenaceturic  acid,  503,  543 
Phenol-glucuronic  acid,  505,  546 
Phenol-sulphuric  acid  in  the  urine,  504 — 
506 
in  sweat,  596 
Phenols,  elimination   bv  the   urine,   334L 
503—510.  542,  545 
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Phenols,  estimation  in  the  urine,  505,  509 
,  action  on  the  urine,  506,  547 
,  foimation    in    putrefaction,    21, 

334,  503,  504 
,  behavior  in  the  animal  body,  334, 
503,  504,  545 
Phenylacetic  acid,  formation  in  putrefac- 
tion, 21,  334 
,  behavior  in  the  ani- 
mal body,  503,  543 
Phenylalanm,  25,  41.  5S,  61,  74 
Phenylaminoacetic  acid,  behavior  in  the 

animal  body,  543 
Phenylaminopropionic  acid,  21,  24 
Phenylaminopropionic   acid,  behavior  in 

the  animal  boay,  542,  543 
Phenylglucosazone,  86,  95 
Phenylhydrazine  test,  86,  95 

in  the  urine,  563 
Phenyllactosazone,  445 
Phenylpropionic   acid,    behavior    in    the 

animal  body,  501,  543 
Phenvlpropionic  acid,  formation   in    pu- 
trefaction. 21,  334,  501 
Phlebin,  165 
Phlorhizin,  241,  255,  575 

,  poisoning  with,  508 
Phlorhizin  diabetes,  255,  522 
Phloroglucin  as  reagent,  90,  314,  572 
Phosphate  calculi,  5''<5 
Phosphates  in  urine,  463,  529—532,  5S1 
— 5^^ 
.  See  also  the  different  phos- 
phates. 
Phosphatides  in  bile,  274 

hi  the  brain,  407 
Phosphaturia,  530 
Phosphocamic  acid,  3S3,  3S5 

in  the  milk,  444 
in  blood,  156 
in  brain,  408 
in  the  urine,  525 
in    relation    to    the 
elimination  of  CO. 
and  lactic  acid,  394 
in  relation  to  muscu- 
lar   activity,    397, 
401 
Phosphoglucoproteid,  50,  56,  433 
Phosphoric  acid,  elimination  by  the  urine, 
5'29— 532,  535 
,  formation    in    muscular 

activity,  397 
,  physiological  importance, 

140 
,  quantitative    estimation 
of,  531 
Phosphorized  combinations  in  the  urine, 

525 
Phosphorus  poisoning,  action  on  the  elim- 
ination of  am- 
monia, 472 
,  action  on  the  elim- 
ination of  urea, 
472 


PhoBphorus  poisoning,  action  on  the  elim- 
ination of  lactic 
acid,  389,  521 
,  fatty  degeneration 
caused  by,  241, 
372 
,  liver  autol3r8is   in, 

12 
f  change      in      the 
urine,  389,  472. 
5S0 
Photomethsemoglobin,  172 
Phrenin,  412 
Phrenosin,  410 

Phthalic  acid,  behavior  in  the  body,  542 
Phyllocyanin,  180 
Phylloporphyrin,  165,  180 
Phymatorusm,  591 

in  the  urine,  557 
Physetoelic  acid,  115 
Physiological  availability,  527 
Phytosterines,  283 

a-Picolin,  behavior  in  the  animal  body,  544 
Picric  acid,  reagent  for  proteid,  30,  553 
,  reagent  for  creatinine,  483 
,  reagent  for  sugar,  95,  565 
Pigment  calculi,  282 
Pigments  of  the  eye,  414 — 416 
of  the  blood,  164—183 
of  the  blood-serum,  156,  428 
of  the  corpora  lutea,  181,  422 
of  the  egg-shell,  432 
of  feathers,  592 
of  the  fat-cells,  370 
of  the  bile,  269—274,  276 
of  the  urine,  514—520 
of  the  skin,  590—593 
of  the  lobster,  433,  592 
of  the  liver,  241 
of  the  muscles,  382,  383 
of  lower  animals,  184,  592 
,  medicinal  pigments  in  the  urine, 
547,  560 
Pigmentary  alcoholia,  277 


Pig's  milk,  450 
Pike.  ] 


flesh  of,  403 
Pilocarpin,  action  on  the  secretion  of  in- 
testinal juice,  317 
,  action  on  the  elimination  of 

CO,  in  the  stomach,  309 
,  action    on    the    secretion    of 

sweat,  596 
,  action    on    the    secretion    of 

saliva,  293 
,  action  on  the  elimination  of 
uric  acid,  486 
Piperazin  solvent  for  uric  acid,  491 
Piperidin.  491 
Piqftre,  256 
Piria*8  tyroein  test,  73 
Placenta,  435 
Plant  nucleic  acids,  129 
Plants,  chemical  processes  in  the  same,  1, 2 
Plasma.     See  Blood-plasma. 
Plasmluic  acvd,  V^ 
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^H             Pla^sTDozym,  195 

Protagon,  123,  231,  407,  408,  409             ^H 
Protalbinic  acid,  37                                    ^^H 

H            PluHiein.  44,  306 

Protoproteoses.  22,  39                                  ^^1 

H            FliistiD,  124,  126 

Protamins.  19,  26,  47,  80,  124,  421            ^ 

^H            Fta^tinogeo,  44 

^m            I'lattnePs  crystaUized  bile,  263 

Proteid,  separation  from  fluids,  33 

,  approximate    estimation    in   tb9 

^H             Plethora  polvcytbiemia,  207 

urine,  553 

H            Pleural  fluid;  218,  221 

,  circulating    and    tiamie    proteid. 

^H            PluriLs,  action  on  the  elimination  of  hip - 

641,  642 

^H                puric  acid,  500 

,  action  on  the  formation  of  gly- 

^H            Pneumonic  in  filtration  ^  solution  of ,  12,  614 

cogen.  248,  249 

^H             Poiklloeytosis,  208 

,  active,  4 

^m            PolarizaiLon  test,  564 

,  li\ing  and  non-living,  4 

^m            Polycvthii-mia,  207,  210 

,  detection  of,  29—32 

H             Polyjieptides,  25 

,  detection  of,  in  urine,  547—550 

^B                                     in  tryptic  digestion,  42,  330 

,  quantitative  egtimation  of,  32 

^m             Polypervthrin,  593 

,  quantitative     estimation    of,    in 

H             Polysaccharides,  103—107 

urine,  552 

H             Polyuria,  537 

,  quantitative    estunatton     of,    in 

^H             Pons  varolii,  412 

milk,  446,  447 

^H              Pork-fat,  absorption  of,  355 

,  absorption  of,  344 — 349 

B             Portal  vein,  blood  of,  203,  252,  349 

,  passage  of,  into  the  urine,  547 
p  heat  of  combustion  of,  626,  62S 

^1             Positive  pbafie,  196 

^H            Potassium  combinations,  dL\nsion  of,   in 

,  digestibility  in  gastric  juice,  300, 

^H                                                            the    form-ele- 

301,302:309,  310 

^H                                                            ments        and 

,  digestibility  in  pancreatic  juice, 

H                                                          fluids,  139 

327,  328 

^H                                                       ,  elimination     of, 

Proteid  bodies  in  general,  18 — 47 

^H                                                              in  fe\  era,  533 

,  suninmry  of  the  vaitomk^H 

^H                                                      ,  elimination     of, 

26,  33^ — 47                      ^^^H 

^H                                                            m  star^atioti, 

.  See  also  the  varioufi  pw>^^B 

■                                                        533,  631 

teid  bodies  of  the  tiarties       ■ 

^H                                                      ,  elimination     by 

and  Ouids.                             ■ 

H                                                              the  saliva,  293 

Proteid  glands,  56,  2.S6                                       ■ 

^H                                                          in  the  urine,  533 

Proteid  metabolism   in  work    and    rest, M 

^H            Pdtaaaium  chlorate,  poisoning  with,  171 

397—401,555       ^^H 

^H            Pataaeium  phosphate  in  yolk  of  eggs,  429 

in  Ktarx^ation.  629     ^^H 

^H                                                   in  muscles,  391 ,  404 

in  various  ages*  554  ^^H 

H                                                in  cells,  139,  140 

wntii  diflferent  foo<kj^^H 

^H                                                   in  apermato;!oa,  421 

639—650             ^^ 

^H            Potafisium  sulphocyanide  In  the  urine,  523 

after     feeding    with 

^H                                                       m    saliva,    288, 

thyroid     extracts, 

H                                                            290 

235 

^H                                                        in   gastric    con- 

Proteid   putrefaction,    16,    21,   333--340, 

^H                                                            tents,  299 

501,503,  510 

^H            Potatoes,  absorption  of,  m  the  intestine, 

Protein,  relation  to  the  albuminates,  36 

■               351 

Proteinochromogen,  21,  81 

^m           Potential  energy  of  various  foods,  624— 

Protem  sub^tant^s,  IS— 66.     See  alaq  in- 

■               62S 

dividual  protein  bodies.                            ^_ 
Pnsteofles,  26,  39.  37                                   ^^H 

^1            Precipitins,  15B 

H            Preglobulin,  118,  192,  231 

,  general    properties  and  prepa^^l 

^1             Preputial  secretion,  594 

ration,  37—47                          ^^1 

^K            Primary  proteoses,  40 

in  btoud,  153,  347                        ^H 

^H            Prisoners,  food-ration  for,  664 

,  formation   in  proteid  putrefac- 

^H           Proliferous  cvsts,  422 

tion,  334 

^H            Propepsin,  307 

,  fonnation  in  peptic  digration, 

^H            Propentones,  37 

303 

^H            Propylamin,  solvent  for  uric  acid,  491 

,  relationship  to  the  coagulatioa 
of  the  blood,  143,  1^9.  196 

^H            Propyl  benzene,  542 

^H           Propyletie  glycol,  relation  to  formation  of 
^H                glycogen,  248 
^H           Proaecretin,  319,  322 

,  nutritive  value,  644 

,  abaorotion  of,  345 

,  transformation     inio     pmte^id. 

^1           Proetatie  calculi,  422 

347 

^H                             secretion,  419 

,  occurrence  in  urine,  551 

^1          I'^tetic  group,  56 

Prothrombin,  147,  192,  193,  194,  22S 

. -1 
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Protic  acid,  383 

Protocatechuic  acid,  behavior  in  the  body, 

506 
Protoeiastose,  60 
Protogelatose,  63 
Protogen,  37 
Protones,48 

Protoplasm,  3,  117,  118 
Protosyntonoae,  80 
Pseudochylous  fluid,  222 
Pseudoglobulin,  149 
Pseudoglycogen  formers,  250 
Pseudohaimoglobin,  170 
Pseudolievulose,  87 
Pseudomucin,  53,  423 

in  ascitic  fluids,  219 
in  cvsts,  422,  423 
in  the  gall-bladder,  278 
Pseudonucleius,  34,  126,  303 

from  casein,  442,  451 
from  vitelin,  427 
,  consummation    and    ab- 
sorption, 231,  620 
Pseudopepsin,  299 
Pseudotagatose,  87 
Pseudoxanthine,  386 
Psittacofulvin,  592 
Psyllic  acid,  594 

Psychical  period  of  secretion,  296 
Psyllosteryl  alcohol,  694 
Ptomaines,  16,  21 

in  the  urine,  526,  580 
Ryalin,  290 

,  behavior  with  hydrochloric  acid, 

291,292,331 
,  action  on  starch,  291 — 294 
Pulmotartaric  acid,  614 
Purin,  130 
Purin  bases,  130—137, 494 

,  quantitative  determination, 
137.   See  also  Nudein  bases. 
Purple,  593 
Purple  cruorin,  170 
Pus;  226—229 
,  blue,  228 
in  urine.  55S 
corpuscles,  227 
serum,  226 
Putrefactive  processes,  4,  16,  21 

in  intestine,  333 — 
340,  504—510 
Putrescin,  16 

in  intestine,  5S0 
in  the  urine,  526,  580 
Pyin,  221,  226,  228 
Pyinic  acid,  228 
Pyloric  gland,  295 
I^lrloric  secretion,  308 
Pyocyanin,  229 

in  sweat,  596 
Pyogenin,  227,  409 
Pyosin,  227,  409 
Pyoxan those,  229 

Pyridine,  behavior  in  the  body,  646 
a-Pyridine-carbonic  acid,  543,  544 


a-Pyridine-uric  acid,  643 
Pyiocatechin,  506 

,  occurrence  in  urine,  606 
,  occurrence  in  transudates, 
220 
Pyrocatechin-sulphuric  acid,  506 
Pyromucic  acid,  545 
Pyromucin-omithuric  acid,  545 
Pyrrol  derivatives,  80—82 
Pyrrolidin  carbonic  acid,  21,  24,  41 ,  6Sf 

62,80 
Pyrrolidon  carbonic  acid,  58 

Quercite,  relation  to  glycogen  formation, 

247 
Quinic  acid,  behavior  in  the  animal  body, 

500 
Quinine,  passage  of,  into  urine,  547 
,  passage  of,  into  sweat,  596 
,  action  of,  on  the  elimination  of 

uric  acid,  486 
,  action  on  the  spleen,  234 
Quotient,  respiratory,  265,  375,  399,  622, 
656 

Racemic  acid,  behavior  in  the  animal  body, 

539 
Rachitis,  bones  in,  369 
Reductases,  13 
Reduction  processes,  2,  4,  9 
Reichert's-Meissl's  equivalent,  114 
Reindeer,  milk  of,  450 
Rennin,  13,  17,  155,  304,  442 

,  detection  of,  in  gastric  contents, 

313 
,  occurrence  of,  in  the  pancreas, 

330 
,  passage  of,  into  urine,  534 
Rennin  cells,  295 
Rennin  glands,  295 
Rennin  zymogen,  295,  305 
Resacetophenon,  545 
Resin  acids,  transition  into  the  urine,  647, 

549 
Respiration,  anaerobic,  9 

,  external  598,  604 
,  mtemal,  598,  604,  612 
of  the  hen's  ^g,  433 
of  plants,  2 
.    See  also  Chemistry  of  res- 
piration,  598—^14,  and 
Exchange  of  gas  under 
various  conditions. 
Respiratory  quotient,  t255,  375,  399,  622, 

656 
Rest,  metabolism  during,  394 — 399,  666— 

667 
Reticulin,  26,  64,  358 
Retina,  414 
Reversion,  101 
Revertoee,  14 

Reynolds*  acetone  reaction,  676 
Rnamnoee,  relation   to   glycogen   forma* 

tion,  247 
Rheometer,  608 
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BliodiiQiue  add,  387 

Rhodophan,  416 

IUiodop0ln,  414 

Rhubarb,  aotkm  on  the  mine,  547t  560 

Rib-eartflaffe,  363 

Rkor  moitia  of  the  muBdea,  303, 394 

RoDerta*   method  of  eatimatmg  aosMTf 

669 
Roeh's  reaction  for  proteid,  650 
Rodents,  bile-adda  of,  265,  276 
Rods  of  the  retina,  pigments  of,  414 
Roeenbach's  bile-pigment  test,  569 

urine  test,  579 
I  Rotation,  specific,  88 
Rorin's  ]»vulose  reaction,  97 
Rovida's  hyaline  substance,  118, 186, 227, 

419 
Rulmer^s  sugar  test,  95,  564 
Rye  bread  in  the  intestine,  348,  351 

Saccharic  add,  84, 102 

,  lactone  of,  99 
,  relation  to  glycogen  forma- 
tion, 248 
Saodiarose,  101 

calorific  value,  625,  626 
abeoipti<m  of,  350 
Salit^lase  or  ald^ydase,  8 
Salicylic  add,  action  on  pepdn  digestion, 
303 
,  action  on  metabolism,  579 
,  action  on  trypsin  digestion, 

329 
,  behavior    in    the    animal 
body,  543 
Salicylsulphonic  acid  as  proteid  reagent, 

30 
Saliva,  286—295 

,  secretion  of,  294 
,  mLxed,  2^*9 

,  physiological  impwrtance,  294 
,  behavior  in  the  stomach,  294 
,  action  of,  294 
,  gases  of,  603 
,  composition  of,  293 
Salivary  calculi,  294 
Salivary  diastase.     See  Ptyalin. 
Salivary  glands,  2*^6 
Salkowski's  cholest<jrin  reaction,  284 
Salkowski-Ludwig's  method  of  estimating 

uric  acid,  492 
Salmin,  47 
Salmon,  flesh  of,  403 

,  sperma  of,  47,  421 
Salmon ucleic  acid,  128 
Salts.     See  the  various  salts. 
Salt-plasma,  143 
Salts  of  vegetable  acids,  behavior  in  the 

organism,  464 
Samandarin,  594 

Santonin,  action  on  the  urine,  547,  560 
Saponification  equivalent,  114 
Saponification  of  nentral  fats,  1 10, 326, 332, 

352 
fiareolactic  acid.    See  Paralactvc  acid. 


Saioolemma,  376 
Saxoomelanin,  591 
Saieomelanic  add,  591 
Sano8ln,384 

,  bdiavior  in  the  aidmal  body»  MO 
Saridne.    See  Hyporanthine, 
Sdieier's  uioelt  test,  387 
SehifPsreacHon for cholesterin,  284 
reaction  for  uric  add,  492 
reaction  for  urea,  478 
Sohieiner^s  base,  420 
Schwdtaer's  reagent,  107 
Sderotica,  418 
Soombrin,  47 
Soombroii,49 
8eyDit,232 
Scymnol,262 

Scg^mnd-scdphurie  add,  282 
Sea-urchin,  sperm  of,  49 
SdMuac  add,  112 
Sebum,  593 

Secondary  moteoses,  40 
Secretin,  3ZII 

Sediments.    See  Urinary  sediments. 
Sedimentum  lateriUum,  463,  520,  581 
Sdiwanc^s  reaction  for  laevuloae,  97, 570 
Semen,  419 

Semicarfoaaide,  poisoning  witii,  4M 
Semii^uthi,  83 
Seminose.    See  Mannose. 
Senna,  action  on  the  urine,  547 
Seralbumin,  20,  23,  26, 151 

,  detection  of,  in  the   urine, 

548—550 
,  quantitative    estimation    of, 

153,652 
,  absorption  of,  345 
Sei^lobulin,  20,  23,  26,  149 

,  relation  to  the  coagulation  of 

the  blood,  186,  192 
,  carbohydrate  group  of,  150 
,  detection  of,  in  the  urine,  550 
,  quantitative    estimation    of, 
153,552 
Sericin,  26,  66,  67 
Serin,  21,24,  58,  67 
Serosaraucin,  219 
Serous  fluids,  217—226 
Serum.     See  Blood-eerum. 
Serum  casein.     See  Serglobulin. 
Sex,  influence  on  metabolism,  653 
Sharks,  bile  of,  262 
,  urea  in,  467 
Sheep's  milk,  450 
Shell-membrane  of  the  hen's  egg,  57,  74, 

432 
Sheep,  gastric  juice,  299 
Silicic  acid  in  feathers,  588 
in  hair,  5<^8 
in  urine,  536 

in  hen's  egg,  429,  432,  433 
Silicic  acid  ester  in  feathers,  588 
Silk  gelatine,  65 
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Skatol,  21,  60,  334,  335 

,  formation     in     putrefaction,    21, 

334,  503,  510 
,  behavior  in  the  animal  body  334, 
503,  510.  546 
Skatolacetic  acid,  22 
Skatolaminoacetic  acid,  22,  81 
Skatoicarbonic  acid,  21,  510 
Skatol-pigment,  510 
Skatosin,  82 
Skatoxyl,  334,  510,  542 
Skatoxylglucuroiiic  acid,  509,  546 
Skatoxylsulphuric  acid,  507,  509 

in  sweat,  596 
Skeletins,  65 

Skeleton  at  various  ages,  367 
Skin,  588—597 

,  excretion  through,  594,  596,  618 
Sleep,  metabolism,  657 
Smegma  prajputii,  594 
Smith's  reaction  for  bile-pigments,  560 
Snail  mucin,  52 
Snake  poison,  17 

,  relation  to  the  coagulation 
of  blood,  189,  196 
Soaps  in  blood-serum,  154 
in  chyle,  213,  352 
in  pus,  227 

in  excrements,  341,  342 
in  bile,  262,  274 

,  importance  of,  in  the  emulsification 
of  fats,  326,  332,  353 
Sodium    alooholate    as    a    saponification 

a^ent,  113,  572 
Sodium  chloride,  elimination  by  the  urine, 

526,  527 

,  elimination  by  the  sweat, 

596 
,  physiological  import- 

ance,  635 
,  quantitative  estimation, 

527,  528 

,  influence  on  the  quan- 
tity of  urine,  651 
,  influence  on  the  elimina- 
tion of  urea,  651 
,  influence  on  the  secretion 
of  gastric  j  nice,  307 ,635 
,  behavior  with  food  rich 

in  potassium,  635 
,  insufficient    supply    of, 

307,  635 
,  action  on  pepsin  diges- 
tion, 303 
,  action  on  trypsin  diges- 
tion, 328 
Sodium  compounds,  elimination    by    the 
urine,  533 
,  division    among   the 
form-elemento  and 
fluids,  139 
.     See  also  the  various 
tissues  and  fluids. 
Sodium  phosphate  in  the  urine,  463,  529, 
530,  581 


Sodium  salicylate,  action  on  the  secretion 

of  bile,  261 
Sodium    tartrate,    relation    to    glycogen 

formation,  248 
Soldiers,  diet  of,  663,  664 
Sorbinose,  91,  97 
Sorbite,  85 

Source  of  muscular  enei^,  400, 401 
Sparing  theoi]y,  249 
Specific  rotation,  87 
Spectrophotometry,  182,  183 
Sperma,  47,  419—122 
Spermaceti,  115 
Spermaceti  oil,  115 
Spermatin,  421 
Spermatocele  fluids,  223 
Spermatozoa,  420,  421 
Spermin,  420 
Spermin  crystals,  420 
Spherules,  27,  426,  433 
Sphvgmogenin,  237 
Spider  excrement,  guanin  therein,  133 
Spider  poison,  17 
Spieglers  reagent,  549 
Spirographin,  53 
Spirogyra,  92,  140 
Spleen,  232,  233 

,  relation  to  formation  of  blood,  233 
,  relation  to  formation  of  uric  acid, 

234,489 
,  relation  to  digestion,  323 
,  blood  of  the,  204 
Spleen  pulp,  232,  234 
Splitting  processes  in  general,  1,  2, 9.    See 

also  the  various  enzymes. 
Spongin,  26,  65,  66 
Sputum,  615 
Sputum  mucin,  52 
Starch,  103 
Starch,  calorific  value  of,  625 

,  hydrolytic  cleavage  by  intestinal 

juice,  312 
,  hydrolytic  cleavage  by  pancreatic 

juice,  325 
,  hydrolytic  cleavage  by  saliva,  290 
Starch  cellulose,  104 
Starch  ^ranulose,  104 
Starvation,  action  on  the  blood,  206,  632 
,  action  on  the  urine,  337,  467, 

501,  507 
,  action  on  the  elimination  of 

indican,  337,  507 
,  action  on  the  elimination  of 

oxalic  acid,  498 
,  action  on  the  secretion  of  bile, 

2(50 
,  action    on    the    secretion    of 

pancreatic  juice,  321 
,  action  on  the  elimination  of 

phenol,  337 
,  action    on    metabolism,  621, 

622,  628—633 
,  death  from,  628 
Star\'ation  cures,  665,  666 
Steay&\ii,^25 


H       700                   ^^^^^f                                                                        ^H 

H         Steanc  acid,  no 

Sulphur,  behavior  in  the  organism,  523, ■ 

^M         btearin,  110 

540                                                             ^^H 

^H                      ,  absorption  of,  354 

Sulphur  metba^moglobin,  174                       ^^H 

^m          Btentorin,  blue,  593 

Sulphuretted  hydrogen  in  putrefaction  in  ^^B 

^m          Stercobliij.  270,  342,  514 

the  intestine.  334«         | 

^H          Htereorin,  2»4 

336                               1 

^m           iStethal,  115 

in  the  urine,  524            1 

^H          8tokes*s  reduction  fluids  170 

Sulphuric  acid,  ethereal,  and  sulphate  ia  ^^fl 
the  urine,  50;i,  504,  532 ^H 

^H           BtokvL**  rtMiction  forbile-pijrments,  560 

^^^^    Stomach ,  im  portance  in  digest  ion ,  3 10, 3 1 1 

,  elimination  of,  in  activit/pi^^B 

^^^^L                 f  relation  to  intestinal  putrefao 

398                                             B 

^^^m                        tion,  311,310 

,  elimination    of,     by    the         ■ 

^^^^                   ,  aut<>-digc«tion  of,  312 

urine,  4^3,  532                         ■ 

^H                           ,  digestion  in  the,  30S— 313 

,  elimination     of,     by     the         1 

^V          Stomachic  glands,  295 

sweat,  506                                 I 

^B          Streptococcus,  behavior  with  gastric  juice, 

,  estimation  of,  532                       B 

■ 

,  relation  to  elimination  of  ^^B 

^m          Stroma  fibrin,  103 

nitrogen,  398,  523,  532  ^^B 

^H           Stroma  of  the  hlood-corpusclee,  163 

,  action  on  pepsin  digest ioitaJ^^H 

^V                         of  the  muscles,  380 

302                                    ^B 

■            Strontium  salts  and  blood  coagulation,  1 43 

Suprarenal  capsule,  236,  237,  278                ^H 
Supmrenin,  237.     See  also  Adrenalin.          ^^ 

^H        '    Stnima  cystica,  235 

^M           tStr)  flmine,  pju^sage  of,  into  the  urine,  547 

Sweat,  594—597                                                        B 

^K           Sturgeon,  s|x^rma  of,  47 

Swimniing-bladdere  of  fishes,  gasee  of,  613         ■ 

^m          Stunn,  47,  48,  80 

,  guanine    in,         1 

^M          Hiiblingual  glands,  286 

133              ^M 

^m           Sublingual  saliva,  288 

Sympathetic  saliva,  287                                ^^^M 

^m           Submaxi]lar>'  glands,  286 

Svnproteosr,  43                                               ^^H 

^M           Submaxillar}^  mucin,  52,  53 

SVnovial  fluid,  225                                          ^^H 

■            Submaxillar}'  saliva,  2S7 

Svnovin,  225                                                    ^^B 

^K           Succinic  acid   in  putrefaction,  21 

Synthesis,  1,2 

^B                                  in  the  fermentation  of  raDk, 

of  ethereal  sulphuric  acids,  334, 

^^_^ 

503,  507,  510,  545 

^^^H                            in  the  intestine,  334 

of  proteid,  25 

^^^^H                           in  the  spleen,  232 

of  conjugated  glucuronic  acids. 

^^^H                             Ln  transudates,  220,  223 

505,  SfiO,  522,  541,546 

^^^^H                             in  the  thyroid  glands,  234 

of  uric  acid,  4^4.  488 

^^^^H                            in  the  animal  l>L>dy,  539 

of  urea,  467.  470.  471 

^^^^B                         ,  passiigeof  ^  into  the  urine,  521 

of  hippurie  acid,  2,  14,  500 

^^^^                            ,  passage  of ,  in  to  the  sw  eat  ,596 

of  \'ani' ties  of  sugars,  85,  92 

^M          Sugar,  relation  to  ^\c)rk,  39(%  401 

of  polv peptides,  25 
Syntonin,  30,  8o;  3^0                                     ^ 

^B                     ,  fonnation  from  fata,  253,  401 

^H                     ,  formation  from  p^'ptones,  253 

,  eaJoriiie  value  of,  625.  62tt          ^^H 

^H          Sugar  formation,  in  the  liver,  250^ — 259 

^H                                         after   pancreas  exttrpa- 

Tagatose,  87                                               ^H 
T&Tonic  acid.  98                                             ^^M 

^B                                             tion,  258 

^B           Sugar,  beha\'ior  on  subcutaneous  injection, 

TaJc^,  87,  98                                                   ^H 

■                            250 

Tapewonn  cysts,  225                                     ^^B 

^B                      ,  behavior  to  bloodHXirpwscles.  188 

Tannic  acid. 'behavior  in  the  animal  body*  ^^ 

^B                           See  also  various  kinds  of  sugar. 

545                                                                       1 

^H          Sugar  test^  In  the  urine,  561 — 570 

Tartar,  294                                                                B 

^H           Sulphfemoglobin,  174 

Tartaric  acid,  relation  to  glycogen  forma-         ■ 

^B          Sulphoc  van  ides  in  the  urine,  523 

tion,  248                              ^J 

■                                        in  the  saliva,  288,  290 

,  passage  of,  into  sweat ,  5P6  ^^H 
,  behavior  in  the  animal  bodji^^H 

^fl           Sulphonal  intoxication,  urine  in,  179,  556 

^B           Bulphonic  acids,  behavior  in  the  animal 

539                                     ]^H 

■               bodv,  540 

Tatalbumin,  429                                           ^^M 

^M          Sulphur,  of  proteidfl.    18.   20.    See  also 

Taurin,  76,  77.  265,  280                                 ^^ 

^fl                                 variouf?  proteids. 

,  l>eha\ior  in  the  animal  body,  540        fl 

^^^^                  in  the  urine,  398,  523 

Taiirocarbamic  acid.  540                                      B 

^^^^B                 ,  elimination   of,   in   activity,  398 

Tauroeholic  acid,  262,  265                                     ■ 

^^^H                ,  elimination  of,  with  lack  of  oxv- 

,  quantity  in  various  biles,        ■ 

^^^B 

276   *                                     1 

^^^^^^         ,  neutral    and    acid    sulphur    in 

,  oerurreuce  in  meconium,  fl 

^^^^^^H 

^m 
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Taurocholic  acid,  decomposition  in  the  in- 
testine, 337 
,  proteid-precipitating  ac- 
tion, 30,  554 
Tea,  action  on  metabolism,  652 
Tears,  418 
Teeth,  369 

Teichmann's  crystals,  178,  656 
Tendon  mucin,  52 
Tendon  mucoid,  35S 
Tendon  synovia,  225 

Tension  of  the  COj  in  the  blood,  610 — 613 
in  the  tissues,  612 
in  the  lymph,  212 
O  in    the    blood,    604 — 
610 
Terpen-glucuronic  acid,  546 
Terpentine,  action  of,  on  the  secretion  of 
bUe,  261 
,  action  of,  on  the  urine.  547 
,  beha\'ior  in  the  animal  body, 
522,  546 
Tetronerythrin,  184,  592 
Testis,  419 
Tetroses,  84 
Theobromine,  131 

,  behavior    in    the    animal 
body,  494 
Theophylline,  131 

,  behavior  in  the  animal  body, 
494 
Thioalcohols,  beliavior  in  the  animal  body, 

540 
Thiogly colic  acid,  58 

,  behavior  in  the  animal 
body,  540 
Thiolactic  acid,  20,  24,  5S,  76 
Thiophene,  545 
Thiophenic  acid,  545 
Thiophenuric  acid,  545 
Thrombin,  13,  146,  147,  192—196,  228 
Thrombosin,  193 
Thymin.  127,  138 
Thymic  acid,  128 
Thymonucleic  acid,  127,  128,  129 
Thvmus,  229 
Thyreoglobulin,  234,  236 
Thyreoproteid,  236 
Thyreotoxalbumin,  236 
Thyroid  f^land,  234—236 
Thyroiodin.     See  lodothyrin. 
Tissue-fibrinogen,  118,  231 
Tissue  proteids,  641,  642 
Tollen's  reaction  for  pentoses,  90 
Toluene,   behavior  in  the  animal  body, 

500,  542 
Toluric  acid,  543 

Toluylendiainiiie,  poisoning  with,  281 
Toluic  acid,  543 

Tonus,  chemical  of  the  muscle,  395 
Tooth  tissue,  369 
Tortoise,  bones  of,  366 
Tortoise-shell,  57,  593 
Toxalbumins,  behavior  with  gastric  juice, 
312 


Toxins,  17,  156,  239 
Tracheal  cartilage,  58 
Transudates,  217—226,  604 
Tribromacetic  acid,  23 
Tribromaminobenzoic  acid,  23 
Tricalcimn  casein,  441 
Trichloracetic  acid  as  reagent,  30,  33 
Trichlorethyl-glucuronic  acid.     See  Uro- 

chloralic  acid. 
Triolein,  111 
Trioses,  84 
Tripalmitin,  111 

Triple  phosphate  in    urinary    sediments, 
5S1,  5S3 
in  urinary  calculi,  584, 
585 
Tristearin,  110 
Triticonucleic  acid,  127,  129 
Trommer's  test  for  sugar,  94,  561 

,  behavior     with 

uric  acid,  491 
,  behavior     with 
creatinine,  482 
Tropics,  metabolism  in  inhabitants  of,  659 
Trypsin,  155,  326,  327 

,  action  on  proteids,  327 
,  action  on  other  substances,  329 
Trypsin  digestion,  327 

,  products  of,  329 
,  action  on  peptides,  330» 
348 
Trjrpsin  peptone,  41 
Trypsin  zymogen,  321 ,  327 
Tryptophan,  21,  24,  41,  82,  299 
Tubo-ovarial  cysts,  435 
Tunicin,  509 
Turacin,  592 
Turacoverdin,  592 
Tyrosin,  24,  43,  48,  5S,  72,  73 
,  in  urine,  579 
,  in  sediments,  5S3 
,  detection  of,  73,  579 
,  origin  of,  22,  72,  334 
,  behavior   in    putrefaction,    334, 

501,503 
,  behavior  in  the  animal  body,  512, 
542 
Tyrosinases,  8,  73,  592 
Tyrosin-sulphuric  acid,  73 

Uifelmann's  reaction  for  lactic  acid,  314 
UmikoflTs  reaction,  453 
Uracil,  127,  129,  137,  231 
Uraimia,  bile  in,  277 

,  gastric  contents  in,  313 
,  sweat  in,  596 
Uraminobenzoic  acid,  544 
Urates,  491 

,  in  sediments,  462,  580, 
Urea,  467 

,  elimination  in  starvation,  467,  633 
,  elimination  in  children,  468,  654 
,  elimination  in  disease,  468,  472,  473, 

534 
,  properties  and  reactions,  473 
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Urea,  formation  and  origin,  469 — 473, 534 
,  quantitative  estimation,  475—480 
,  synthesis,  467,  469 — 472 
occurrence  in  the  blood,  156,  202, 
204,467 
,  occurrence  in  the  bile,  262,  274,  467 
,  occurrence,  in  the  liver,  467,  470 
,  occurrence  in  the  muscles,  383,  467 
,  occurrence  in  transudates,  220 
Urea  nilratt-H  'i74 
I'rf  A  oxalate^  474 
Ureids,  21,484,  499 
Urein,  480 
Urethan.     See  Carbamic  acid  ethyl-ester, 

480 
Uric  acid,  131,  484 

,  elimination  in  disease,  486,  487 
,  elimination  after  feeding  with 

nudein,  486 
,  relation  to  urea,  484, 489 
.  properties  and  reactions,  490 — 

492 
,  formation  in  the  animal  body, 

486—190 
,  quantitative  estimation,  492 — 

494 
,  syntheses  of,  489 
,  beh» V  ior  iit  t  he  an  imal  body,  489 
,  occurrence  of,  485 
,  occurrence  of,  in  sweat,  596 
,  occurrence  of,  in  sediments,  462, 
491,582 
Uric-acid  calculi,  5.^  1 
Urinary  Ciilculi,  584 — 587 
Urinary  pigments,  514 — 521 

,  medicinal,  547,  560 
Urinary  sand,  584 
Urinary  sediments,  462,  581 — 584 
Urine,  461—587 

,  excretion  of,  536 

,  inorganic  constituents  of,  526 — 536 

,  ix)ii*cHi*>via  ctiiistitueiits  of,  526 

,  organic    pathoiogical    constituents 

of.  M7— 5H0 
,  ph-v^iological  constituents  of,  467 — 

526 
,  enzymes  of,  525 
,  Ciisuixl  f*fmHtituents  of,  538 — 547 
,  color  of   403,  514,  537,  547,  554— 

557,  5.'>8,  m 
,  solids,  ealciiLition  oi.  537 
,  rfuiintity  tA  solids^  'uiH 
,  alkalino  fennentnl  Ion  of,  581 
,  acirj  fermentation  of,  581 
,  gases  of.  530 
,  qiiantitv  of,  536—538 
,  physical  propf^rties  of,  462 — 467 
,  osmotic  prossiiro  of,  405 
,  phyi^ipo-ch^Tnical  iiiwilysis  of,  538 
,  fpfiirfion  H>f.  -U'-'A  --  Ulfi 
,  acifiity  of,  4(13,  404 
,  estimation  of  acidity,  464 
,  specific  gravity  of,  400,  537 
,  passatro  of  foreign  bodies  into,  538 
—547 


Urine,  reducing  power  of,  521 
,  composition  of,  538 

Urine  indican,  507 

Urine  indigo,  507,  514 

Urine  poison,  526 

Urine  purins,  endogenous  and  ezogenousy 
487 

Urine  sugar.     See  Dextrose. 

Urinometer,  466 

Urobilin,  514, 515^520 

,  relation  to  bilirubin,  270,  280. 

516 
,  relation  to  choletelin,  516 
,  relation  to  luematin,  280,  516 
,  relation    to    hsematoporphyiin, 

180,  516 
,  relation  to  hydrobilinibin,  280. 
^517 

Urobilin  icterus,  517 

rrobilino^en,  514,  518 

Urobilinoid  bodies,  516 

Urocamic  ajcid*  526 

Uroi^hloralic  acid,  99,  541 

Urochmme,  514,  515 

Urtxrvanin,  514 

UrotiW'thrin,  514,  .520 

Urofenic  acid,  525 

in  urine,  523 

T^mfiLHCohrf  matin,  557 

iToglavicin,  514 

Uroba*matin,  514 

I'rohodin,  514 

Uroleucic  acid,  511,  513 

Uromelaninss,  514 

ITronitrotoIuoiic  acid,  546 

I'rophn*in,  514 

L^roprotic  acid,  524 

I'rorubin,  514 

Urortilmihiematln   557 

T'roro«*eiTi,  514,  557 

Urospectrin,  556 

Urostealith,  5^6 

Upotheobrt>mine,  495 

T^mtosic  coelBfient,  526 

Uroxanthine,  507 

Uroxonic  acid,  4S5 

X'rsfK'hr>lpic  acid,  268 

Uterine  milk,  435 

1/tpnis  ro!!oid.  425 

Utilization  of  the  various  foodstuffs,  348, 
354,  659 

Valerianic  acid,  21 

Vegetable   acids,   behavior  of  the  alkali 

salts  of,  in  body,  464 
Vegetable  gums.  l05,  106 
Vegetable  mucilages,  105,  106 
Vegetarians,  food  of,  64S,  661 

,  excrement  from,  341 
Vemix  cascM^sa,  2^3,  593 
Vesicatory  blisters,  224 
Ve:siclc'  ralctili,  5^4 
V^sirulas^c   A'2i) 
Visual  purple,  414,  415 
Visual  red,  414 
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Vitali's  pus-blood  test,  555 
ViteUin,  26 

in  yolk  of  egg,  426 

in  protoplasm,  118 
Vitellolutein,  428 
Vitellorubin,  428 
Vitelloses,  39 
Vitreous  humor,  416 

Water,  drinking  of,  action  in  the  elimina- 
tion   of    chlorides, 
527 
,  action  on  the  elimina- 
tion of  uric  acid,  486 
,  action  on  the  elimina- 
tion of  urea,  655 
,  action  on  the  deposi- 
tion of  fat,  655 
,  action  on  the  excre- 
tion of  urine,  536 
,  elimination  of,  by  the  urine,  536 — 

53S,  618 
,  elimination  of.  by  the  skin.  594, 618 
,  elimination  of,  in  star\'ation,  631 
,  elimination  of,  importance  for  the 

animal  body,  633 
,  elimination  of,  quantity  of,  in  the 

various  organs,  633 
,  elimination,  lack  of,  in  the  food, 
633 
Wax,  113 

in  plants,  593 
W'eidel's  xanthine  reaction,  133 
Weyl's  reaction  for  creatinine,  482 
Wheat  bread,  absorption  of,  351 
Whey,  438,  449 
Whey  proteid,  442 
White  of  egg,  429 

,  calorific  Value  of,  625 
,  absorption  of,  345 
Witch's  milk,  455 
Woman's  milk.     See  Human  milk. 
Wool-fat.  28,5,  594 

Work,  action     on     the     elimination     of 
chlorine,  527 
,  action  on  the  elimination  of  phos- 
phoric acid,  530 


Work,  action  on  the  elimination  of  sur- 
phur,  398 
,  action  on  the  excretion  of  nitro- 
gen, 398 
,  action  on  the  necessity  for  food, 

663 
,  action   on  metabolism,  394 — 402, 
655—657 
W^orm-Miiller's  sugar  test,  562 

Xanthine,  131,  132 

in  the  urine,  494 
in  urinary  calculi,  586 
in  urinary  sediments,  583 
,  detection  and  quantitative  esti- 
mation, 136,  137,  496 
Xanthine  bodies.     See  Nudeln  bases. 
Xanthine  calculi,  586 
Xantho-creatinine,  386,  398,  484 
Xantho-melanin.  23 
Xanthophan,  416 
Xanthoproteic  reaction,  31 
Xylene,  behavior  in  the  animal  body,  643 
Xyloses,  91,  107 

,  relation    to    the    formation    of 
glycogen,  89,  247 

Yeast-cells,  relation  to  fermentation,  10, 

11 
Yeast  maltose,  14 
Yeast  nucleic  acid,  127,  129 
Yeast  nuclein,  125 
Yolk  of  the  hen's  ^g,  428,  429 
Yolk-spherules,  426,  433 

Zein,  19 

Zinc  in  the  bile,  274 
in  the  liver,  244 
,  passage  of,  into  milk,  459 
Zooerythrin,  592 
Zoofulvin,  592 
Zooid,  162 
Zoorubin,  592 
Zymase  from  beer-yeast,  11 

in  pancreas,  331 
Zymogens,  11.     See  various  enzymes. 
Zymoplastic  substances,  192,  196 


